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PREVIOUS INVESTIGATIONS 


Degree of fineness and uniformity in size of the flour particles are 
of importance to baking quality and of considerable interest to the 
milling trade and to milling and baking experimenters. This in- 
terest has many different sides and is evidenced i in a variety of ways. 
To the milling trade, consideration of these factors is necessary 
in order to produce flour of the maximum baking quality from any 
given lot of wheat; to the milling and baking experimenter, such in- 
formation is essential to the study of the quality of different wheats 
in order that he may properly interpret his results. Furthermore, 


1Credit is due James F. Hayes for his assistance in the milling of the material used 
in this investigation, to H. B. Dixon and H. C. Fellows for their assistance in making 
Uae ce determinations, and to W. K. Marshall and Ray Weaver for making the 
aking tests 
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this left-over material was added to the part that passed through 
and the whole sample was thoroughly mixed. The mixing was done 
with extreme care to insure that the different types or qualities of 
granulates, of which, no doubt, each sample was composed, would 
be equally distributed throughout the whole sample. This method 
constituted a form of excessive grinding a little different from that 
in method 1, but was for the same purpose. 

(3) The third method of treatment used was that employed by 
LeClere and his coworkers, and was applied to both the coarse mid- 
dlings stocks and the flours. The middlings, because of their rela- 
tive coarseness, were ground once on the smooth rolls, and in one 
case twice before being sifted. ‘This method consisted of the grading 
or sifting out of the particles of various sizes by the use of sieves 
clothed with 8xx, 10xx, 12xx, 16xx, 20xx, and 25xx, silk bolting cloth. 
The purpose of this method was to determine the difference in 
baking quality and chemical composition between different sized 
particles of which flour is normally composed. 


OUTLINE OF CHEMICAL STUDIES 


Each sample resulting from these investigations was subjected to 
the usual flour analyses. The methods used are those described in 
the official and tentative methods of analysis of the Association of 
Official Agricultural Chemists unless otherwise noted. In addition, 
special attention was given to the quality of the gluten in the ex- 
cessively ground samples, as well as to the quantity and quality of 
the gluten in the different-sized flour particles sifted from the 
various flours and middlings stocks. 

The effect of excessive grinding upon the starch particles was also 
studied. The diastatic activity of some of the excessively ground 
flours was determined, as was that of some of the different-sized 
particles of which flour is normally. composed. The diastatic de- 
terminations were also compared with the quantity of total material 
extracted by cold water, as material of this sort was shown by 
Alsberg and Griffing to be composed largely of dispersed starch. 

The data showing the chemical composition of the two series of 
flour samples excessively ground in the way previously described as 
methods 1 and 2, are given in Tables 1 and 2. The chemical com- 
position of flour particles, or granulates, of varying degree of fine- 
ness, of which middlings stocks ground to a normal degree of fine- 
ness and commercial flours are composed, is given in Table 3. 
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TABLE 1.—Chemical composition of middlings stock and commercial flours 
ground various numbers of times 


| 


Results on basis of 13.5 per cent moisture 
Kind of material used | Condition of material used | pees ee Gaso- 
Ash |Protein|acidity| pH ane 
as lactic 1 E 
ad value 
| Per cent| Per cent Per cent| Per cent 
Original material___-_-_---_- | 13.26 | 0.379 9.96 ; 0.167 5. 98 0. 90 
Soft red winter coarse |}Ground once---------------- | 13.12 . 383 9. 97 . 156 5. 89 .93 
middlings stock No. };Ground 4 times------------- | 12.64 . 381 9. 76 . 156 5. 88 . 89 
12550. Ground) 10 timess==22--2--—— e112), . 375 9. 81 . 152 5. 85 88 
(Ground 20'thmes22 3 5222-2 11. 30 . 380 9. 91 . 154 5. 83 | . 90 
Original material________.-_- 13. 96 a Boy. 10. 84 . 142 6.14 | . 88 
Soft red winter coarse ||Ground once-_--------------- {iB} Gy .351 | 10.86 . 147 6.17 287 
middlings stock No. |;Ground 4 times-_-_---.------- 13. 41 .355 | 10.81 . 147 5. 89 | .93 
12551. i Ground tOitimes 22252222 ses eel 2a .359 | 10.80 141 6.11 | 90 
Ground 20 times-_-_-___------ 12. 93 . 356 10. 72 BSD 6. 00 .88 
|( Original material_.__.___-._- 14.31 F525 04 110229 . 138 6. 36 . 93 
3 Ground onees! >. Shs 13. 89 .412 | 10.45 . 128 6535)j| semalenes 
Bare whee coarse Ground 4 times: --__.----_-- bh -132220b so AOQanciOssor | e127.) 0 6.24 |. 30 
mgs Stock No. “Ground lO times: lessee we) 12.74 .4221! 10.64 TIDpE aN, 25 1,27 
i(\Ground 20 times____-_------ 12. 66 - 406 10. 52 SIZOT ie Oe T Ue sil 
Original material_________-_- 12. 93 . 360 9. 94 35 6.10 . 86 
fe : Ground ON€es=s- seen ee eee 13.13 315} 10.02 . 142 6. 22 87 
Bolt reds ier SUA Ground 4 times...__.._-___- 13.12.) 22975109196 |  1142| 6,25 "93 
WEIN 5 Ground 10 times_-___._-_-_-- 12.76 | .383 | 9.92) .187| 6.21 | . 83 
Ground) 20simeS ae 12.05 . dol 9. 92 . 136 6. 02 . 86 
Oniginalsmaterlalwe: soe 13. 47 AAS IL (0): ie . 142 6. 22 . 92 
Groundionces. aes eee | 13.47 .450 | 10.45 - Leave 6. 28 . 95 
Eisele ee reut Hout Ground 4 times. 2. 14st 72 | 13.15 | ~.443/ 10.45] .131| 6.33 97 
2x0: ; GrOunGeOv ines sss ae ! 12. 87 . 438 10. 43 in ee OMe 1.00 
Ground 20 times-_____.__-__- WARS . 440 UDA EIB AM As 1) 1. 24 
Orivinalimaterialy 22 2052-24 12. 84 . 794 ZS . 302 6. 32 | 1,35 
BMT ce Ground once. saat er 12. 75 . 789 11.75 . 300 6. 35 easy, 
ee a ay Cleat li grennd times... 12.58 | .796| 11.72| .296| 6.31 1.30 
Oo ; Ground 10 times_._.._------ 12.12] .798] 11.89} .295| 6.29 1.45 
Ground 20 times-_-_______-___ 11. 74 . 794 LEAS . 300 Ws 363 27 1 GH) 
'(Original material______..--_- T26BTe fh, Meet Gal 128630 |. P5805 |e s6.23 1.51 
HGROUnGhON Cees == as eae 12.19 1.724 12. 64 . 550 6. 29 1. 65 
Bien ecok pened VGigand@tiimes: tk. | 11.97 | 1.720 |°12,62| .550| 6.29| 1.68 
3 : GroungdwOtimes*. a2 ee 11. 54 1. 726 12. 63 . 545 6. 28 | 1.88 
Ground 20 times_-____.___-- | 11.04 1. 702 12. 85 . 540 6.19 1. 88 
TABLE 2.—Chemical composition of middlings stock ground to different degrees 
of fineness 
{ 
Results on basis of 13.5 per cent moisture 
Kind of material used | Condition of material used pee Dex tee | Gaso- 
Ash |Proteinjacidity|} pH | co. 
as lactic’ [fiaicx 1 
acid Pee 
Per cent Per cent| Per cent|Per cent 
Original material______.-____ 13.26 | 0.379 | 9.96 | 0.167 5. 93 | 0. 90 
Soft red winter wheat ||Ground to pass through 12xx_| 13.12 . 379 9. 84 255 5.93 | . 92 
coarse middlings:|; Ground to pass through 16xx_| 12.82 Bone 9. 81 . 156 5.91 | . 93 
stock No. 12550. Ground to pass through 20xx_| 12.78 | . 356 9. 80 SLOT eeos SG . 93 
Ground to pass through 25xx_| 12.47 .370 9. 80 . 156 5. 87 . 93 
Original materialas 222 — 13. 96 .352 | 10. 84 . 142 6. 14 | .88 
Soft red winter wheat ||Ground to passthrough 12xx_| 13.58 | .353 10. 84 . 141 6.15 | . 88 
coarse middlings |,Ground to passthrough 16xx_} 13.01 »o10y| . 10:73 . 140 6.18 | . 95 
stock No. 12551. |Grouna to pass through 20xx_| 13.56 .300 | 10.79 . 140 6.12 | . 96 
> Ground to pass through 25xx_| 13.31 ral 10. 91 CYS 6.10 . 84 
Original material os es | 14.31] .525| 10.29] .138| 6.36]  .98 
-, !|Ground to pass through 12xx_} 13.04 .413 10. 37 wl25 6. 28 1. 26 
tae ee Sead Ground to pass through 16xx_) 12.38 | .405 | 10.45 .124 6. 27 | 1. 30 
Te *||Ground to pass through 20xx_| 12. 44 400 | 10.55 . 126 6. 25 | 1.38 
Ground to pass through 25xx_| 11.99 .410 |} 10.56 . 126 6. 25 | alaly 
| ! 
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TABLE 3.—Chemical composition of the various sized particles of flour 


i 


| Results on basis of 13.5 per cent moisture 


| 3 sae | 1: =| 
Kind of material | Condition of material | PFOP0#| Mois Titrat Gaso: 
d eel tion of | ture in able ij 
use 2 whole-| flour | Ash | Protein| acidity pH a 
| | as lactic ated 
| acid | yanee 
Per cent| Per cent| Per cent Per cent| Per cent 
Baio materlderonadll Se a BD ce 13.26 | 0.379 9.96 | 0.167] 5.93 0. 90 
it 
twice and then sifted: | 
Sealpings from 8xx__| 0.4 | 12.89) 1. 331 | SP S6i|| 2 see eae Eee 1.14 
Soft ae winter Beirne aes 12xx | 20.4 | 12. 89 | .482 | 11.01} .189{ 6.01 1. 04 
wheat coarse mid- = 4 | so | 2 - eet, he 
dlings, stock No. Stee 16xx | 15.4 | 12.83 | . 333 | 11.15 AGL) Ng5o18 1.03 
12550 See Cre 20xx | 8.5; 12.89; 6303; 11.09] .151 5. 78 1.03 
rough 16xx 
corp es pom 25xXx 17.3 | 12.82 | 312 10.58 147 5. 84 1. 07 
roug XX | 
Throughs from 25xx_} 38.0) 12.78 | 298 7. 93 147 5. 86 . 84 
quel lau sbi ie Ba es |. 13.96 |. .352} 10. 84 . 142 6.14 &8 
ame material groun 
onceand thensifted: | | 
Sealpings from 8xx__} -9 | 13.75 | 890. 13.01 336 6. 25 1.08 
Soft red winter Serenon pom 12xx | 39.4] 13.79 | 390 | 11.33 147 6. 03 . 86 
wheat coarse mid- = 7 BEN Popa bie eee 
dlings, stock No. Soe 16xx | 30. 7 | 13. 70 ieeackea 11.14 712600: 5.97 . 94 
12551. Scalpings from 20xx 9.3) 13.84) .260/ 1128) 42 6.19 .92 
through 16xx. | 
See (zor 25xx LEI TEER: 380; 9.36 AZ, 6.17 .88 
rough 20xx } 
Throughs from 25xx_| 10.5 | 13. 95 .330 | 7.98 LIGH Soals aril 
eee pater satya 5 x hae sheet 1 14, 31 526 10. 29 . 138 6. 36 93 
ame material groun 
once and then sifted: | 
Scalpings from 8XX_-| 10. 4 13.46 | .925, 10.93 .294 | 6.35 1.14 
Scalpings from 12xx | 36.3 | 13.54 | .360! 10.46 3105, ||P y6a25 1,10 
Hard wheat coarse through 8xx. 
ete, stock palin pom 16xxsp) 20. 1.) 18.57 H300) 1d Osan PAG) SaOses | 1.08 
fo) rough 12xx | | 
Se Peon 20xx 10.3 | 13. 68 | 350 | 10. 67 . 100 6. 23 | Io15 
through 16xx. j | | 
Belnines from 25xx | 13.3); 13.80 365 | 11.00 OG eG e2 1.13 
through 20xx. | | 
Throughs from 25sx-| 8.6 | 13.61)  . 405 | $69} .110] 6.30 1. 26 
Original material___.____|.------- | 12.93) .360| 9.94] .135) 6.10 86 
Semlpines froma axe ee PON ee satS -400 11.45 BBY ae .91 
Bete nee ee eanee om 16xx | 58 cd 12. 21 | 385 | 11.07 151 6. 29 98 
wheat straight |{Scalpings .from 20xx | 6.4 | 13.38 | 375 | 10.38 158 | 6.12 . 86 
flour, No. 12552. through 16xx. | | | | | 
pealpines: from 25xx 7.9 43.09 | .380, 9.30 46 S6a18 . 82 
through 20xx. 
\Throughs from 25xx.....| 16.9 13.27| .360| 7.54] .116| 621| 71 
Original material_______- pated Lange | 13.47 455| 10.45| .142| 6.22 . 92 
Scalpings from 12xx______| 14.0 | 13.33 | .395 | 10.78 124! 6.30 1.00 
pew pings: from 16xx 49.6 |} 13.30 415} 11.39 -1386.) 6.22 1183 i 
: rough 12xx. | | 
Hardy heat patent Scalpings from 20xx| 90) 13.10) 480 bo 90/85'| {2458 |exscs 98 
air through 16xx. | 
aes from 25xx (aOit 12,920 tO |) 10085 . 166 6. 25 1. 02 
through 20xx. 
Throughs from 25xx_.___| 20.4 | 12. 73 ,o01 | -8. 82 -166 | 6.23 . 88 
Original material_._____- os se | 12.84 794 | “1573 302}, 6:32 1.35 
Scalpings. EL OM weGOsX, bee 1os6)[) l2so7 .698 | 11.19 ZOD li 16e30 | Theat 
through &xx. | 
Hard wheat first | Sey pa 16xx 20.5 | 12.58 . 658 | 11. 63 255 | 6.32 | 1,72 
Bat SiGe ne: Scalpings from 20xx| 15.2) 12.65) .773) 12.99) 285 | 6.33 | 1.39 
through 16xx. | 
Scalpings PEOTN 2 OX% | 1 Se yet mai Daas) .822 |; 12.98 . 305 6. 27 | 1.33 
through 20xx. f 
Throughs from 25xx____- | 34. 4 12. 46 . 939 10. 53 . 310 6. 32 | 1,21 
Original material-______- Bee Pik wa 122317 | 1. 716] 212, 63)).” °. 580.)8 6 28e ade 
BealgES: from 12xx | Gf | 12, Ofe|) Lolo 1209 Siaes: 6. 28 | dE We 
through 8xx. | 
Scalpings from 16xx 60:2 | VE 92 D670 neds. 560 | 6.25 | 1. 65 
Hard wheat second through 12xx. | 
pent, flour, No. Scalnee from 20xx 6./7) | 441590!) od 822 | da84 585 6.28 | 1. 83 
1 through 16xx. | 
Scalpings from 25xx | 10.4] 11.83] 1.903 | 12.17 -590 6. 23 | 1, 67 
through 20xx. 
ee [SS RBOUE DS front 25s ee ll re dies ce 2h from 25xx___.- 13405 1822) 1 9035)* at 48 . 590 1. 67 
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EFFECT OF EXCESSIVE GRINDING UPON THE CHEMICAL 
* COMPOSITION OF FLOUR 


Referring to Tables 1 and 2, it will be found from a quantitative 
standpoint that excessive grinding did not greatly affect the usual 
factors sought after in the chemical analysis of flour. 

As would be expected from excessive grinding,.there was a reduc- 
tion in the moisture content of the sample, the greatest change with 
but three exceptions being associated with the greatest amount of 
grinding. The percentage of ash and crude protein was not influ- 
enced. Color pigments extractable in gasoline were obtained in 
larger quantities on the average from those samples that were much 
overground. Although the change in the hydrogen-ion concentra- 
tion was not great, there was a fairly definite tendency for it to 
increase with the increasing fineness of division of the flour particle. 
No appreciable change in titratable acidity was noticeable. The 
method followed for making the hydrogen-ion determination was 
that described by Johnson ®* and Bailey. 


CHEMICAL COMPOSITION OF THE DIFFERENT-SIZED PARTICLES 
OF WHICH FLOUR IS NORMALLY COMPOSED 


The chemical composition of flour particles or granulates of vary- 
ing degrees of fineness sifted from middlings stocks ground to a 
normal degree of fineness and commercial flours is given in Table 3. 
It will be seen that the moisture content of these separates did not 
vary greatly. Neither was there any very noticeable tendency for 
this factor to increase or decrease as the fineness of particle increased. 

The ash content of the various flour separates from most of the 
materials was variable and was different in tendency of direction for 
each of the two classes of wheat studied. The ash content of the 
flour separates resulting from the ground soft red winter wheat 
middlings stocks was in most instances progressively lower as the 
flour particle decreased in size. The reverse of this was true for 
the different-sized particles sieved from the ground hard wheat mid- 
dlings stock and from the hard wheat patent, first, and second clear 
flours. In the case of these latter separates the material passing 
through the 20xx and 25xx silk cloths contained the largest quanti- 
ties of ash of any of the separates. The data in regard to the hard 
wheat materials seem to be in accord with the data submitted earlier 
by LeClerc and his coworkers from their studies with commercial 
hard wheat flours. Whether the difference in tendency shown be- 
tween the two classes of wheat in regard to ash content is due to 
differences in the nature of these wheats, or is the result of milling 
conditions, is not known and is a point under investigation. 

The protein content of the particles of flour that passed through 
the 25xx sieve was significantly less than the protein content of those 
flours which passed through the 8xx, 12xx, or 16xx sieves. On the 
other hand, with but two exceptions, there was not a great deal 
of difference in the protein content of the flour passing through the 
8xx, 12xx, and 16xx sieves. 


° JOHNSON, ARNOLD C., and Bainey, C. H. A PHYSIO-CHEMICAL STUDY OF CRACKER 
DOUGH FERMENTATION. Cereal Chem., vol. 1, No. 7, p. 329. 1924. 
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The titratable acidities of the patent and first and second clear 
flours made from the hard wheat paralleled their ash content. The 
coarsest portion showed the least acidity, with a gradual increase in 
acidity as the granulates became finer in size. No great difference 
was apparent in the titratable acidity of the various separates ob- 
tained by sieving the flour milled from the hard wheat coarse 
middlings stock sample No.12621, all of the flours passing through 
12, 16, 20, and 25xx sieves having practically the same degree of 
acidity. With the siftings from the soft red winter coarse mid- 
dlings stock sample No. 12550 there was a parallelism between the 
ash content, titratable acidity, and the fineness of division of the 
sample. The acidity of the different-sized flour particles obtained 
from samples Nos. 12551 and 12552 was irregular, and did not follow 
the size of the particle or the ash content. 

The hydrogen-ion content of the flour particles of different sizes 
was not appreciably different, as a difference of three-tenths in pH 
value would more than cover the change from one extreme in flour 
particle size to the other. 

The finest flour particles according to the gasoline color test were 
whitest in color. This fact seemed to be true with but one exception, 
namely, sample No. 12621. 


INFLUENCE OF EXCESSIVE GRINDING UPON THE QUANTITY AND 
QUALITY OF THE GLUTEN IN FLOUR 


Extensive tests were made of the influence of excessive grinding 
upon the quantity and quality of the gluten proteins of the flour. 
Information was sought concerning the effect of excessive grinding 
upon the quantity of crude protein, the percentage of wet and dry 
gluten, the imbibitional qualities of the gluten proteins, the percent- 
age of nitrogen soluble in cold water, and the influence upon the 
water imbibing constituent of the gluten protein, glutenin. 

The imbibiticnal qualities of the gluten proteins were studied by 
two methods. The percentage of wet and dry gluten in the samples 
washed with tap water were determined, and, from these data, the 
water absorbed or imbibed per gram of dry gluten was ascertained. 
Later the hydration capacity of the gluten protein was determined by 
noting for each of the treated flours the viscosity of flour and water. 
suspensions containing the equivalent of 2 grams of protein. The 
viscosity determinations were made on a MacMicheal viscosimeter. 
The test material was washed with 150 cubic centimeters of distilled 
water, and the readings made with a 2-centimeters bob, with the cup 
of the viscosimeter rotating at 76 revolutions per minute. 

Glutenin determinations were made according to the method of 
Blish.*?. Cold water soluble extract was determined by the methods 
of the Association of Official Agricultural Chemists.2 The data re- 
sulting from this phase of the investigation are shown in Tables 4 
and 5. The data in Table 4 relate to those samples of flour ground 
from 1 to 20 times, whereas the figures in Table 5 are from those 
flour samples ground to different degrees of fineness. 


7Blish, M. J., and Sandstedt, R. M. GLUTENIN—A SIMPLE METHOD FOR ITS PREPARATION 
AND DIRECT QUANTATIVE DETERMINATION. Cereal Chem. vol. 2, No. 2, p. 57. 

§ Official and Tentative Methods of Analysis of the Association of Official Agricultural 
Chemists. Revised to July 1, 1924, p. 227, par. 14 
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TasLe 4.—Quantity and quality of the gluten proteins in middlings stock and 
commercial flours ground various numbers of times 


Results on basis of 13.5 per cent moisture 


Water al a old 
Kind of material | Condition of material ab- | pro. t ng fs Bl 
used used Ptos | pe Wet |Sorbed|, oi in| Wiscos- gum os ae 
onlin y e per tein in ity in ni tro- 
Agus gluten| gluten cra dry onl total |gen in 
gluten ' pro- | total 
of dry tei S 
gluten ein |nitro- 
gen 
\eves tA | 
Per Per Per Per Per Per 
is : : ant yee pen Crome cent cent cent 
: riginal material_-_-_-- . 96 : 3, 3 ne GO) lee aero a eed pa 
POI 1nads Bi DUBE | (Ground once... 205. 9.97 | 9.58 | 27.50| 2.87 |_.....- 196: 36031) | ssn ueme 
Se eee COaES Ground 4 times-___---- 9.76 | 9.37 | 26.68 | 2.85 |_______ 186 | 36.10 |__-.-. 
cMaesswees No. | Groand 16 timess-08..2 9.81 | 8.77 | 25.10| 2.86 |_...... 182 | 36.20 |...2.-. 
F Ground 20 imes._------| 9.91 8.85 | 25.19 Peps tay )| upset 2 16S | |RoGdl Oe ese 
: Original materia]l___---- TOSSA a Ste SOR IS 3NI9s | QU 7p leew 126 | 41.05 | 17.33 
Boftt EoCo eT MEST i Groukid Gneos 20882 10.86 | 11.19 | 31.97 | 2.86 |_.____- 155 | 40.79 | 17.34 
dlines stock, No Ground 4 times-_--_---- -} 10.81 | 10.62 | 30.53 PY fel erin bors 8 162 | 40. 43 16. 95 
ieee 2 * 11Ground 10 times ------- 10.80 | 10.46 | 29.80 Piel) Wane e ol 161 | 40.39 17. 78 
: Ground 20 times------- 10. 72 | 10.12 | 28.938 | 2.86 |_.__--- 156 |} 41.04 | 18.28 
Original material__-_--- 10.29 | 10.54 | 26.63 | 2.53 | 75.01 59 | 41.04 |.-._._. 
Hard wheat coarse ;}Ground once-_-_--------- 10.45 | 10.47 | 27.91 2.67 | 79.48 44°) 41.156 Wee see. 
middlings stock, |\;{Ground 4 times_---_--- 10.55 | 10.59 | 27.11 2.56 | 81.06 160. |41.'50) |e esse. < 
No. 12621. Ground 10 times -.------ 10. 64:|. 10.49 | 27.70 2. 64 | 80.05 160 | 41.45 | 22.L-- 
1Ground 20 times ----_--- 10.52 | 10.24 ! 27.16 2.65 | 81. 67 UGE 49594) one ee 
Original material____-_- 9.94 | 10.04 | 27.85 2.77 | 78.91 N52 io O1425 | eee 
Soft red winter |]Ground once__-_-------- 10.02 | 9.54 | 27.37 | 2.87 | 82.82 149 | 36.63 20. 36 
wheat straight \};Ground 4 times-------- 9.96 | 9.92 | 27.70 | 2.79 | 81.55 148 | 36.14 | 19.28 
flour, No. 12552. Ground 10 times-_-_---_-- 9. 92 9.72 | 27.10 2.79 | 82.23 147 | 36.49 19.15 
Ground 20 times------- 9.92 | 9.47 | 26.84] 2.83 | 79.71 150 | 36.59 | 17.04 
Gueinal material_______ 10. he 10. ie 26. 93 2.50 | 77. 24 155 | 41.44 12. i 
Ground once-_--_-_-.---- 10.45 | 10.73 | 26.37 2.46 | 78.58 162 | 41.72 IPA 
Ee peat patent |’ Ground 4 times. -..---- 10.45 | 10.77 | 26.75 | 2.48 | 78.37] 167 | 41.69| 12.78 
Z : 2 Ground 10 times-_-_-._-- 10.43 | 10.57 | 26.11 2.47 | 78.43 162 | 41.55 13. 33 
Ground 20 times---__-_- 10.45 | 10.57 | 25.54 | 2.42 | 78.82 162 | 41.59 | 12.44 
Original material_______ 11.73 | 12.65 | 29.31 2.32 | 71.93 120 | 46. 63 12. 62 
Hard wheat first ||Ground once_----_-_-_- 11.75 | 12.83 | 30.61 2.39 | 72. 64 121 | 46.55 12. 00 
clear flour, No. |{Ground 4 times-_-___--- 11.72 | 12.47 | 29.74 2.39 | 74. 65 129 | 46.76 12. 07 
12618. Ground 10 times-_-_-____- 11.89 | 12.48 | 29.55 D4 Payes Pac ee 126 | 46.58 |.-----. 
Ground 20 times-_-_._-_- 11.75 | 12.75 | 29.88 | 2.34 | 74.54 127 | 46.65 | 12.17 


1 Degrees MacMicheal. 


Considering first the data given in Table 4 relative to the influence 
of a various number of. grindings upon the quality and quantity of 
the washed gluten, it was found that excessive grinding of the two 
samples of the soft red winter wheat middlings stocks resulted in a 
gradual decrease in the quantity of wet and dry gluten. The greatest 
reductions occurred in the samples that had been ground ten and 
twenty times and amounted to about 10 per cent. No great change 
in the gluten proteins seems to have taken place previous to grinding 
at least ten times. } 

Excessive grinding apparently did not injure the gluten in the 
hard wheat middlings stock, as no noticeable decrease in quantity or 
quality of gluten was experienced. This was likewise true for the 
tests made on the hard wheat first clear flour. Excessive grinding 
did not injure the washed gluten in the hard whéat patent flour or 
in the straight grade soft red winter wheat flour until the sample had 
been ground at least twenty times. : 
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TABLE 5.—Quantity and quality of the gluten proteins in middlings stock 
ground to different degrees of fineness 


Results on basis of 13.5 per cent moisture 


| | | 
| ie Cold 
Water} 
. : 43 : | _ Glu- | water 
Kind of material Condition of material ab- | =a 
used used Pro- | wer |Sorbed| , PO: Viscos-| SE SoS 
téie in Dry | Wet per tein in — in | nitro- 
flour | @luten gluten gram | dry | ‘oyyi | total genin 
of dry #luten — pro- | total 
gluten | tein | nitro- 
| gen 
| Per Per Per | Per Per Per 
cent | cent | cent | Grams|. cent cent cent 
Original material--=>-.45-9. 96 |, 9.17 | 25.33.|..2.76 1 81.46}, 146 |_-5___-|-_-_- 
cue to passthrough} 9.84] 9.08 24.81 2.73 | 82.56 | 170 | 35.87 |____.. s 
F 1 
Soft red winter s Pree 
wheat coarse mid- Soe topassthrough} 9.81] 8.94 25.11] 2.81 | 82. 90 165 | 30.98 RUD = 
dlings stock No. |) Ground to passthrough | 9.80| 9.19 | 26.84 | 2.92 | 83.70 161 | 36.08 _.._... 
; 0xx 
Ground topassthrough, 9.80} 9.15 | 26.93 | 2.94 |; 80.22) 159 | 36.02 |______. 
25Xx. | 
| } 
| | | | } 
|( Original material____-_- 10.84 | 11.59 | 33.29 | 2.87 }_-.____ | 126 | 41.05 | 17.33 
er guue to pass through | 10.84 ! 10.75 | 31.441 2.92 —— { 174) 40.41! 17.27 
Q ~ =o 1 | | | | 
Soft red winter sn) : | = =| 
Wate Fae ee to pass through | 10.73 | 10. 56 | 30. 49 | PAO, neo | 173 | 40.35 | 17. 43 
genes ae "Ground topass through | 10.79 10.75 30.78 2.86 |... | 468 | 40.41 17.42 
I 20xx. | 
| Ground to pass through | 10.91 | 10.79 | 31.00 2587 |eeeeece | 155 | 40.45 | 17.05 
| Original material______- 10. 29 |. 10.54 | 26.63 | 2.53 | 75.01 | 59 | 41.04 | 20.36 
Gaound to pass through | 10.37 | 10.61 | 28.45 | 2.68 | 76.74! 170 | 41.56 20.36 
XxX | | 
Hard wheat coarse | Ground to pass through! 10. 56 | 10.72 | 28.37 | 2.65 | 79.53} 171 | 41.30) 19.28 
middlings stock | 16xx. | 
No. 12621. | Ground to pass through | 10.46 | 10.63 | 28.63 2.69 | 79.19 | 174 | 41.39 19.15 
20xx 
| Ground to pass through | 10.52 | 10.47 28.25 | 2.70 | 79.24 174 | 41.05 | 17.04 
25xx. | 
| { } | | | 
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The viscosity measurements for gluten quality bear out, in a gen- 
eral way, the findings obtained by the washed- -gluten test on all classes 
of material. The “elutenin content of the flour samples was not 
altered to any very noticeable extent by excessive grinding. The 
changes in the imbibitional qualities of the gluten proteins noted 
above, therefore, must be explained by some physical alteration in 
the olutenin present rather than by a loss of any of this constituent 
as a result of excessive grinding. 

Contrary to the findings of Alsberg and Griffing, it can not be 
said from the investigations made here, that excessive grinding re- 
duced the percentage. of water-soluble nitrogen in the flour except 
in the case of the soft red winter wheat straight flour. Likewise, in 
only one or two instances did it appear that excessive grinding re- 
sulted in a condition which increased the protein content of the 
gluten proteins. 

In Table 5 are presented data pertaining to the quantity and 
quality of the gluten proteins resulting from the second series of 
tests in which the excessive grinding was accomplished by grinding 
to a definite degree of fineness. These data are similar in nature to 
those collected from the grinding of the samples a definite number 
of times, in that the washed oluten tests did not indicate any great 


aia 
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injury to the gluten proteins from excessive grinding, and in that 
the viscosity tests showed for the soft red winter wheat middlings a 
slightly progressive impairment of gluten quality and for the hard 
wheat middlings a slightly progressive improvement. As before, no 
loss of glutenin owing to excessive grinding was experienced, neither 
was the water-soluble nitrogen nor the percentage of total protein 
in the washed gluten greatly modified by the treatment the flour 
received. 

The making of washed gluten tests on the excessively ground flours 
presented some difficulties. The most excessively ground samples 
required more water to wet the dough into a homogenous condition. 
Washing the gluten from these samples was exceedingly trying, 
inasmuch as the gluten particles were crumbly, lacked elasticity, 
and were difficult to assemble in one mass. 


QUANTITY AND QUALITY OF THE GLUTEN PROTEIN IN THE 
DIFFERENT-SIZED PARTICLES OF WHICH FLOUR IS NORMALLY 
COMPOSED 


In Table 6 are shown results of the study relative to the quantity 
and quality of the gluten in flour particles of different sizes sifted 
from commercial! flours and from normally reduced middlings stocks. 

The percentage of wet and dry gluten in the various separates 
paralleled the percentage of crude protein very closely, inasmuch 
as the finest particles contained the smallest percentage of both wet 
and dry gluten. If the quality of the gluten is judged from the 
standpoint of water absorbed per gram of dry gluten, the quality 
factor seems to have been fairly constant for all sizes of particles. 

When the viscosity test is applied to equal concentrations of the 
fiour protein, however, the results show fairly conclusively that the 
smaller sized particles contained protein of inferior quality. There 
was some variation, depending upon the nature of the original 
material and the class of wheat from which it was obtained, as to 
which sized particle had the lowest gluten quality; but it is fairly 
safe to state that the particles passing through the 20xx and 25xx 
sieves as a rule contained protein of a quality inferior to that found 
in particles passing through the 12xx and 16xx sieves. The material 
which passed through the 8xx sieve also contained protein of an 
inferior quality. 

Some interesting figures present themselves when the glutenin 
determinations on the various sized particles are considered. With 
the material sieved from the soft red winter wheat middlings stock, 
sample No. 12551, and from the straight grade of soft red winter 
wheat flour, sample No. 12552, there seemed to be a fairly consistent 
reduction in the quantity of glutenin as the size of the flour particle 
decreased. This also was definitely the case with the smaller-sized 
particles sieved from the material represented by samples Nos. 
12550, 12621, and 12620. With the hard wheat first clear flour. 
the glutenin content was found to increase as the size of the flour 
particles decreased. 

The viscosity measurements, with the exception of those made on 
the separates obtained from sample No. 12.618, to a large extent 
paralleled the glutenin determinations. : 
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TABLE 6.—Quantity and quality of the gluten proteins in the various-sized 
particles of which flour is normally composed 


Kind of material Condition of material 
used used 


| (Original material__._._- 


'|Same material ground 

twice and then sifted: 
Scalpings from 8xx- 
Scalpings from 12xx 

through Sxx. 

Sealpings from 16xx 

| through 12xx. 

| 


Soft red winter 
wheat coarse mid- 
dlings stock No. 


12550. Scalpings from 20xx 


through 16xx. 
Scalpings from 25xx | 
through 20xx. 
Throughs from 25XX_!| 


| ( Original material______- 
||Same material ground 
|| once and then sifted: 
Sealpings from 8xx_ 


a z Ss = 
Soft red winter SOLTGE nest Sia, 


wheat coarse mid- 3 ing 
dlings stock No. Oa sane 
12551. Scalpings from 20xx 
through 16xx. 
Scalpings from 25xx 
through 20xx. 
Throughs from 25xx_ 


Original material_______ 
||Same material ground | 
once and then sifted: 

Sealpings from 8xx-_ 

Scalpings from 12xx 

through 8xx. 

Scealpings from 16xx | 

through 12xx. 

Scalpings from 20xx | 

through 16xx. 

Scalpings from 255X | | 

through 20xx. 

Throughs from 25xx_ : 


E material______- 


Hard wheat coarse | 
middlings stock | 
No. 12621. 


Siftings: 

Sealpings from 12xx_ 

Scealpings from-16xx 
through 12xx. | 

Sealpings from 20xx | 
through 16xx. 

Scalpings from 25xx | 
through 20xx. 

Throughs from 25xx_ 


{Original material 3 } 
| Siftings: 
Scalpings from 12xx_ 
Sealpings from 16xx 
through 12xx. 
Sealpings from 20xx | 
through 16xx. 
Sealpings from 25xx 
through 20xx. 
Threughs from 25xx_| 


Lfcidictnad material_______ 
Siftings: 
} Sealpings from 
12xx through 8xx. 
Scalpings from 16xx 
through 12xx. 
Scalpings from 20xx 
through 16xx. 
Sealpings from 25xx 


Soft red winter 
wheat straight 
flour No. 12552. 


Hard wheat patent 
flour No. 12620. 


Hard wheat first 
clear flour No. | 
12618. 


through 20xx. 
Throughs from 25xx_| 


| Pro- 
itein in 


flour 


Per 
cent 
9. 96 


Results on basis of 13.5 per cent moisture 


Dry | Wet 
gluten| gluten 


Per Per 
cent cent | 
GEE-| Fozss 


Pe | 


| | | Cold 
“Water ag | | | ten | ater 
= nin soluble 
ernie tein in Visoos: in nitro- 
gram out total gen in 
gluten’ | pro- | total 
ee | tein | nitro- 
gluten 
gen 
wees 
Per | | Pen 4) > Per 
Grams} cent | cent | cent 
py (ios Ae et oe 7 SB4Gal EAE pizcahes 
| 
| 
2090 [ee lies (30. Or ee 
j | 
2. 80 | eee -|» “aserelaee vey | Seeae 
big) 174 L? 908 [38:87 |L-2 2. 
ge ius on | 193 | 38.18 |--_-.. 
Sh aeatye |. 168,"| pana fee 
Ty | eee | 1B EPS | 17. 33 
' } 
2h eee | 95 | 32.67/| 16.06 
SOWIE Lil | 451 | 42.53 | 21.45 
2.95) | SOF | 175 | 38.24! 21.81 
2.89 | -_. | 156 | 39.01 | 18.7 
2.96 |... 132 | 37.53 | 17.95 
{ } 
B20 ek cae | 142 | 33.33 | 19.30 
2.53] 7501 | 59 | 41.04 |_-_._ 
2.67 | 76.88 66 | 44.37 |_-_.__- 
2.66 | 79.79) 164] 38.11 |-----_- 
2.62 | 79.95 | 188 38.99 |... 
2.62 | 80.93| 180 | 38.61 |...--.- 
2.59 | 80.82} 165 ie AY tee 
| 
2.64 82.60) 133 | 31.10 |-.._.-- 
2.77 | 78.91 | 152} 36.42 = Sie 
| 
2.77 | 76.87} 142 | 38.43 | 19.04 
2.86 76.68| 151 | 38.30) 19.06 
2.90 | 80.69 | 180 | 36.90 | 19. 94 
j ' | 
2.89 79.37) 130 | 34. 52 | 18. 39 
| | 
2.84 | 81.75 ADAH 2.28 20. 29 
2.50 | 77.24] 155 | 41.44} 12.34 
j } 
2.57 | 78.78! 172) 40.53! 14.79 
2.62 | 77.80| 162 40.63| 13.08 
2.60 | 76.60} 146 | 40.74 | 11.85 
2.57 | 78.95| 127 | 38.43} 11.89 
2.47 | 80.58} 128 | 36.96 | 12.81 
2.32 7193| 120 | 46.63) 12 62 
2.41} 71.46| 127) 44.77 | 12.87 
2.43 | 72.50} 139 44.44| 12.47 
14.7 34.73 2.35 71.7 123 | 44.88} 12.09 
14.07 32.41) 2.30 | 72.38) 113 | 46.30 | 11.48 
11.78 | 26.17 | 2.22 | 72.47 97 | 48.24] 13.39 
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In one or two instances there was a tendency for the smaller sized 
particle to contain less nitrogen soluble in cold water. In this re- 
spect the results are of the same order as those found earlier by 
LeClere and his coworkers and thus do not bear out the findings on 
this point advanced by Alsberg and Griffing. 


INFLUENCE OF EXCESSIVE GRINDING ON THE STARCH PARTICLES 


The mechanical injury to the starch particles caused by excessive 
grinding was studied in a manner similar to that described by 
Alsberg and Griffing. To determine the effect of excessive grinding 
upon the starch particles the total solids soluble in cold water and the 
diastatic power of the variously treated flours were studied. Cold- 
water extract was determined by the method of the Association of 
Official Agricultural Chemists previously mentioned. Diastatic 
power was determined by the method of Rumsey.°® 

The results are shown in Tables 7, 8, 9, and 10. Examination of 
Table 7, in which the cold-water extract of the flours ground 1 
to 20 times is given, shows, as found earlier by Alsberg and Griffing, 
that the cold-water extract had a tendency to increase progressively 
with excessive grinding. The degree of injury found, was not so 
great as reported by Alsberg and Griffing, but was evident. On the 
other hand, the percentage of solids soluble in cold water did not 
seem to increase with the fineness of division of the normal flour 
particle, as the reverse of this was found in all four instances studied. 
(See Table 8.) 


TABLE 7.—Ezamination of cold-water extract of middlings stock and commercial 
flours ground various numbers of times 


| Percentage of solid matter extracted by cold water 


| 
| 


Sample Sample Sample | Sample | Sample 


Condition of material as used | 
| No. 12551 | No. 12552 | No. 12620 | No. 12621 | No. 12618 


| 
| 
| 


| Percent | Percent | Per cent | Percent | Per cent 


CEE GENMIGIOH GO en oe ee a ye eel eee 4,32 | 4.20 | 5.07 | 4, 59 | 5. 74 
GTOEHdr-aLIMesMe eee eee Poe eee 2 4, 35 | 4. 22 5. 28 | 4. 50 5. 88 
Saran TiMn GAT ONS ees ot SE oe ke we 4, 39 | 4, 34 | 5. 47 | AAD Ee Sai ee 
GroUwne 20 times Fo e8 fe AT oe ae | 4.34 | 4.30 ayy? 4.71 6. 28 


| \ 


TABLE 8.—Ezamination of cold-water extract of the various sized particles of 
which fiour is normally composed 


Percentage of solid matter extracted by 
cold water 
Condition of material used 


| Sample | Sample | Sample | Sample 
No. 12551 | No. 12552 | No. 12621 | No. 12618 
| 


| 


Per cent | Per cent 


BEGIDINES ILM kee ee co eee Fee SARA th 2 SP 3 | eee eee 6.12 Posse. Fe 
Sealpings from 12xx through 8xx..2.......-...c2.2.22--221-.---- 4.89 4.85 4.41 6. 04 
Me DIMES AEGIH AGES GMYOHEN “POX Xe oo ge) eyo og oe ee ee 4.96 | 4,42 4,45 | 5. 67 
Sealpings from 20xx,through 16xx__-________- 22-2 eee 4, 90 4.32 4,43 | Sago 
Sealpnsen tonne nkxethropen, 2Oxx. 0 fo SS 4.35 | 3. 97 4,28 | 5. 64 
JUNE Te D3 on ce pee ies UL GAS ER LU ae a Ee 9 8 Se 3.88 | 3.76 3.91 | 5. 61 


* RUMSEY, L. A: THE DIASTATIC ENZYMES OF WHEAT FLOUR AND THEIR RELATIONS TO 
FLOUR STRENGTH. Amer. Institute of Baking, Bul. 8. 1922. 
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TABLE 9.—Diastatic activity of middlings stock and commercial flours ground 
various numbers of times 


Weight of maltose from diastasis of 10 grams of flour 


Condition of material used 
| Sample | Sample | Sample | Sample | Sample 
No. 12551 | No. 12552 | No. 12620 ! No.-12621 | No. 12618 


Grams Grams Grams Grams Grams 


Gromudvonee? 90) = OS 1A Saye eer fae 0. 0785 0. 1085 0. 3870 0. 2340 0. 3780 
Grguma 4 Giessen oO ea ee ee een ees ee . 0970 - 1035 - 8935 . 2730 . 3605 
Ground f0'timese2 4 = ssa khs St SESE ee 2 TO - 1000 - 1230 - 4265 . 3445 - 4000 


Ground) times:s boo5 ss! Ba | - 1640 . 1370 - 4655 . 3205 - 4120 


TABLE 10.—Diastatic activity of the various sized particles of which flour is 
normally composed - 


Weight of maltose from diastasis of 10 grams of flour 


Condition of material used 


Sample | Sample | Sample }| Sample | Sample 

' No. 12551 | No. 12552 | No. 12620) No. 12621 | No. 12618 
A Le E ig ae 4 paeherit sa c8| 

Grams Grams | Grams Grams Grams 
Sealpings from '8xx pease ae ees eR See 0.0665, |----.--.-: |esesesnens UPBVANE |e daa sas 
ScalpingsHrom 12xx Through) Sxxeeo ses seen eee . 0890 0. 0775 0. 2305 . 1805 0. 2805 
Scalpings from 16xx through 12xx _/12-2-_2).1) i043 . 0475 0770 2685 . 1665 . 2375 
Sealpings from 20xx through 16xx__---____------_-__- . 0730 OS OO eee eats . 2220 . 2775 
Scalpings from 2oxx through 20x«02—- 225222 282 ee eee Eee - 1135 - 4235 . 2755 - 3110 
Phroweh Dowx ae eek coe ee ee a ea ie Be . 0870 «1305 . 5090 . 3270 . 4260 


INFLUENCE OF EXCESSIVE GRINDING ON DIASTATIC ACTIVITY 


That excessive grinding materially increased the diastatic power 
of the resultant flours is evident from the data presented in Table 9. 
This was apparent in all the cases studied. The magnitude of this 
activity was variable, depending upon the class of the five flours 
studied. The greatest change was in the two soft red winter wheat 
flours Nos. 12551 and 12552. 

It should be noted here that the diastatic power of the soft red 
winter wheat materials were very much lower than were those of the 


hard wheat materials. 


INFLUENCE ON DIASTATIC ACTIVITY OF THE DIFFERENT-SIZED 
PARTICLES OF WHICH FLOUR IS NORMALLY COMPOSED 


The diastatic activity of the different-sized particles of which flour 
is normally composed varied in tendency in some instances but was 
fairly consistent in that the flours which passed through the 16xx, 
20xx, and 25xx sieves were noticeably greater in diastatic power than 
were those passing through the 8xx or 12xx sieves. (See Table 10.) 


EFFECT OF EXCESSIVE GRINDING ON BAKING QUALITY 


In the baking tests conducted on the various grindings and siftings 
of the three middlings stocks and the four commercial flours, two 
bakings were made on each. In some instances one baking was by 
the sponge-dough method and the second baking by the straight- 
dough method. Jn the other instances the sponge-dough method 
was used for both bakings. 

The baking data obtained from the material resulting from grind- 
ing of middlings and commercial flours various numbers of times 
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are given in Table 11. This form of excessive grinding is described 
in a previous paragraph as method No. 1. 

That the material underwent some physical change with each 
additional grinding there can be little doubt, because after these 
materials had been ground several times they became feathery or 
fluffy and greasy in character, which made them extremely difficult 


' to feed into the rolls and to sift through the finer mesh sieves. This 


condition was more pronounced and became apparent after a fewer 
number of grindings for the soit red winter wheat middlings and 
straight flour and the hard wheat first and second clear flours than 
for the hard wheat middlings and patent flour. 

Siftings were made of the materials resulting from the different 
grindings in an attempt to determine the relative fineness of each; 
and although the portions ground the most number of times were 
undoubtedly the finest, yet in many instances a smaller proportion 
of the material ground twenty times sifted through the 25xx silk 
cloth than of material which was ground ten times, four times, or 
even once. This result was probably due to the fact that the 
materials ground twenty times became feathery and greasy in 
character, which made them the more difficult to sift. 

The results show for water absorption a very marked and con- 
sistent tendency for that factor to increase with each increase in 
the number of times ground. 

The greatest loaf volumes were obtained usually from the mate- 
rials ground once or four times and the smallest loaf volumes from 
those ground twenty times. The weight of loaf, as in the case 
of water absorption, increased with the number of grindings. 

The only outstanding thing about the color of crumb scores was 
that the materials ground twenty times produced in nearly every 
instance the poorest scores, and in not a single instance the best 
score. 

The best grain of crumb was obtained in a majority of the cases 
from the original material or from those portions ground once, and 
the poorest grain usually from those portions ground twenty times. 
Texture of crumb showed little or no tendency as to direction. In 
shade of color of crumb very little effect was noted, but wherever 
any difference was shown the lighter shadings were from the sample 
portions receiving the least grinding. In some of the materials 
tested a light grayness in the shade of color of crumb was apparent 
in the bread produced from those portions receiving the 20 
grindings. The flours from which these breads were baked showed 
a very decided and consistent tendency to decrease in creaminess of 
i with the increase in the number of grindings. (See Table 
11. 

Nothing very pronounced in the color and condition of the crust 
was noticeable. 

The portions ground the most number of times required the 
longest proofing time and the original samples the shortest time, 
except in the cases of the hard wheat first and second clear flours, in 
which a reverse tendency was manifested. Another exception which 
probably should be noted here is the irregularity shown on the part 
of the hard-wheat patent-flour grindings baked by the straight- 
dough method. ; 
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TABLE 11.—Baking results from middlings stock and 


Kind of material 
used 


RESULTS FROM 
SPONGE -DOUGH 
METHOD OF 
BAKING 


Soft red winter 
wheat coarse 
middlings stock 
No. 12550. 


Soft red winter 
wheat coarse 
middlings stock 
No. 12551. 


Hard wheat coarse 


middlings stock 
No. 12621. 


Soft red winter 
wheat straight 
flour No. 12552. 


Hard wheat pat- 
ent flour No. 
12620. 


Hard wheat first 
clear flour No. 
12618. 


Hard wheat sec- 
ond clear flour 
No. 12619. 


RESULTS FROM 
STRAIGHT- 
DOUGH METHOD 
OF BAKING 


Hard wheat coarse 
middlings stock 
No. 12621. 


; a — Q | — | 
aig (SRO Sa HELIS | 
bite ae S YEE | ac 
Condition of ee, o | ae| & | =| Texture of | Shade of color of 
material used mS g wl) So | Be crumb crumb 
Sa) 8 | 6S | n° 
— oO eC | 
Bee ee ela ee 
‘ P.ct.| C.c. | G@ms.| Score| Score 
Original material -| 60.3 | 2,100 | 505 | 90.5 | 91.3 | Very good___| Light creamy -_-- 
Ground once------ 60.0 | 2,100 | 501 | 90.7 | 92.3 |_____ Goof! Ze | etoee do_2khs te 
Ground 4 times---| 60.0 | 2,110 | 501 | 90.8 | 92.2 | Good_____--_|___-- do 
Ground 10 times___| 61.5 | 2,110 | 506 | 90.8 | 92.0 |__.2- doe wiz Light creamy 
gray. 
Ground 20 times-_-_-| 62.9 | 2,020 | 510 | 90.0 | 89.0 |____- doves: jase ee Gott 2. ee 
Original material__| 59.7 | 2,090 | 497 | 93.0 | 91.8 | Very good__-| Light creamy. 
Ground once------ 60. 6 | 2,160 | 503 | 92.3 | 91.8 |___-- dovsee léx_ edad +. sith 
Ground 4 times-_--| 60.6 | 2,050 | 499 | 92.1 | 91.5) |. -2_- Goelee4s|osxs doth site 
Ground 10 times_-__| 61.5 | 2,070 | 503 | 91.6 | 90.8 {____- 6 (8 Voge Sie ay G0s22 are ae 
(Ground 20 times_-| 64.7 | 2,030 | 510 | 91.2 | 88.5 |_--_- (crater at Sh Fs oad ekg 
Original material__| 57.1 | 1,950 | 510 | 89.5 | 88.0 | Fair, crum- | Creamy-_----___- 
y. 
Ground once------ 57.1 | 1,930 | 507 | 88.5 | 86.5 | Fair, solid, |_____ GO. 22s 
crumbly. 
Ground 4 times-_-_-_-| 60.9 | 1,850 | 509 | 87.0 | 85.5 | Good, crum-|_____ Go: ares 
bly. 
Ground 10 times___| 62.1 | 1,910 511 | 88.0 | 86:0 , Good_-..----|_2_.. Gots! Ree 
Ground 20 times___| 62.4 | 1,910 | 513 | 87.5 | 85.0 |____- d@Qu tee sa| en dofeiet ee 
Original material__| 56.5 | 2,140 | 492 | 93.5 | 91.5 | Very good-_--| Slightly creamy- 
Ground once------ | 57.4 | 2,080 | 496 | 93.6 | 90, 5,\|.. Good: <==. Light creamy - --| 
Ground 4 times___| 58.8 | 2,180] 497 | 93.4 | 90.0 |____- 0 (0) ga [nse (0 Ko ier ee Se ily 
| 
Ground 10 times__} 60.0} 2,100 | 497 | 93.3 | 89.6 |____- GOES See doe 
Ground 20 times___| 62.1 | 2,140 | 503 | 93.2 | 88.5 |____- GOW ss Ee dos. 24s 
Original material__| 60.0 | 1,720 , 518 | 84.0] 81.0 | Fair, solid, | Creamy-__-__--- 
| : crumbly. 
Ground once-_----- 59. 4 | 1,740 | 514 | 84.5 | 79.0 |----- Co Cove he Ml We dt dois vat 
Ground 4 times-_-_-__| 60.6 | 1, 700) |e 512580507 R80N0, |e C6 Vo Rm nes el ae do eee 
Ground 10 times__| 60.9 | 1,690 | 516 | 85.5 | 78.0 |..--- dees az Leary: don. abnet 
Ground 20 times_-| 61.8 | 1,580 | 526 | 83.0| 70.0| Poor, solid, |____- doll bt 53 
: crumbly. 

'( Original material__| 59.4 | 2,000 | 500 | 74.0} 86.5 | Good-____---- Light brown_.--- 
Ground once-_-_---- 60.0 | 2,040 | 504 | 78.0 | 87.5 |_-_-- co ee ae eel |B Goi ss 
Ground 4 times____| 60.6 | 1,800 | 498 | 75.5 | 89.0 | Very good-_-_.|_____ dost SS 
Ground 10 times___| 63.5 | 1,740 | 510 | 74.5 | 86.0 | Good, solid_-_|_____ dohoskoe ses 
Ground 20 times_-__| 63.5 | 1,750 | 523 | 76.0 | 87.5 |_---- dO: A abe ke re (oe ga 85 Be ne 

| 
Original material-_-_| 61.8 | 1,330 | 506 | 52.0 | 79.0) Fair, solid___| Brown-_---...-- 
Ground once_-_-.-- 62.9 | 1,390 | 514 | 53.5 | 76.0 | Good, solid .|_____ dds. 522s 
Ground 4 times_-__-| 63.2 | 1, 410 507 | 453: OL Ze Op la cee GOn -y32)22 Soret se = 
Ground 10 times_._| 62.9 | 1,360 | 515! 54.0 | 79.5! Fair, solid___|___..do.---------| 
Ground 20 times___| 65.0 | 1,350 | 525 | 51.0 | 79.0 | Good, solid _|___.- dose cas 
Original material__| 57.9 | 1,870 | 508 | 93.5 | 92.0 | Good------- Light creamy --- 
Ground once.----- 60.3 | 1,990 | 507 | 90.5 | 89.0 | Very good---|.__.- do tack 
Gound 4 times_-_-.| 65.9 | 1,950 | 526 | 90.0} 87.0 |_.-_- 6 (0 papas 2 ert Got aucescass 
Ground 10 times___| 66.5 | 2,040} 520 | 89.5 | 88.0 |__..- ol epetemes a Creamy-.......- 
Ground 20 times___| 67.7 | 2,020 | 5i6 | 88.0 | 86.5 J__-.- Gob ces | ae dot es See 


ss teh dali ile liad 


ae 


INFLUENCE OF GRANULATION ON QUALITY OF FLOUR 


commercial flours ground various nunvbers of times 


! 


11908—26——3 


S Rate at e “ 
2 | whic dase wit aie | ai 

Calan anarcons = | flour Condi Sat Condition of | Condition of 

Ait Gntat erust e ats: tion of dough dough during dough at 
MOANA © | sorbed |SPODZ€} mixed mixing panning 
S | water 
= —_ ai —_ 
Mins. 

IBTOWMe eee (010) yl Leap all Ne Pe ER be a ac Ar a gE acl Re Te 
ies GOee eae eae AT ae Sic Be See fs Se a ar er one Ret el 
' Brown, broken C6 0h Sa cA IE MA RB ye ER a TAD et ey le ta 

and ragged. 

Browne see es 1a py Ra a at Da IS Ph ee ae eee eee a Oe eet yt 

Brown, broken, COA SLOv a Str eksyeu EAM ity Cun as heeseee a tiene oe epect Me mend cece ee Os 

and ragged. 

Slightly pale, BON Eade ee eae REAATI ys (Maia te Lee Loughe saees 

rough. 

Light brown, (SPP [has Vault ag t TUE Kops eo Weak -_______- Wierkenaniin 

slightly rough. | 

Light brown, dS 8 gO Re aber a) US a RE (a || PN ee 

smooth. 

Light brown, GIRS LOW ea Sb CK penne ee VVC ect aihe a Wiealkiiaareca ls 

slightly rough. 

Slightly pale, (os) | KO I (Oya Se CT AN Sie Bales CA Sticky and 

smooth. weak. 

Pale snore be 2 fl Sea ee Lumpy| Difficult-_| Coarse and | Weak, coarse, 

rough. and rough. 

Pees GO SRE Ma ARS COYOKM Pla eaDRL at oe |B M0) LD Ra a FR I a Se Oe 

IBTO Wee ae Giz | ee se As HP Dat d ep TLL AES A gros ns ALCP Mah Me ede eh ay 
bb sete Gorrie Cee edad SS ES Ee Saat UAC MEGANE DICH AYN eye geet NUR hE Pe 
weenie CL ERE ee aL HII Geom | epee eects NLC NTT ID APRN ashy As RRL GY (QS ed Lo UE aay I RE 

Light brown, STS TONE e TS Gl Chey se] ie eee TED gE a al fs ace LE 

slightly broken. 

Brown, smooth-_ Gayg | BLO an Ea ORAS tuo le RENE an a Mabe Bal ioe Re eet) Lh 

BLOW SHE HEY GO! ke dates Mew gt WA NG te NE MA Tents cated Dea ae 

broken. 

BROW aSIT OO UIE BenG Dim [ee CLO fom |e bea ls eer se Ao Caer in pee Be eS Pe 
68 CONSE a are 69a | Sud Olean don Este DS ID ea di ami ish Nt oe 

sticky. 

ES TOW leg EO KC Tie [pe ad Uae | ere tal i la SR RG G8 peal bye ea alg a a at ap 

IBTOWME eee ERE Ime ya ere RIPE Dh Ls a CT Di gs ae a DO a es Ap 

Brown, broken, GZ)0 ee cc eae eee Ro eC eS DWiGal kee Stinr ons ean pets bede 

and specky. 

a e-teH Key SS OLE) Scar fe a OY: a oa SUC keyalg eira Clie | aay es see ne 

d weak. 

IDLO Wile ee 65 | Slow_-) Sticky_| Difficult__] Dead and | Tough--__-__-_- 

| weak. 

BTOMESESTM OGLE pO) CO rae Ones See Omics us| Pegi ely a MAREE aad De Aa 

BROW en Ot ote etsy CO alee MAO sl ONG Os Miss Ee Ie aetna aah oe 
aT (OVGy SU all aS Ht We SOX Vo Mesa g (9 aL 014 IRI Kc rma a TU geet ene enn Oy le elon ON 
pee GOs eee raya Ol | donee Sedona Dead amd Moushen os 

weak. 

iees Goa pars UE Gon ed Oe s|e dOusn ee cd Osseo Lil he dows 216 ae hed oun ena 

Brown, broken, a ee LO 5| See One| es ONE was eu Gosfeesea st Dead and 

and ragged. weak. 

Aptos COs ek etd ss AAO | he Oa = One soa) ee GOs ee ee NGO aoe e 
ee Goes ess Paula = COL | een dow sn mhrd Oss ss 22245 GOL A Sst ea dons sae e 
eet dot seat oes Dot f= OMe Peo sexe Osaka ee kued Oey sete ERG Qyiseetee: 
Cee (0 X0}s, <a eee BRS s@koy Mee ole oN Colas on -----d0_------)-----do_~----- 

Palen eee ees (SG ear ee sos pene coee ce seesbas Coarse andj Coarse and 

. rough. | rough. 

IBROW Issa = CG se eaiter Coe eae | i mes SOS a aN al oto RR os SAAS 
. ae DLC a Oe a meee ee oe | ee ee lee | er ee ee eee ee Se 
Bieter OMe ee hE Ps ee oe a I pee Tee i eh PE NA gs rs SO oS eee Se 
a CL Cee ey ot 1 ab ia ae I Sa en SR PE I ea Siac A al eet aN es Se 
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Condition of 
proofed loaf 


Do. 


Sticky and broken 
on top. 


| Broken on top. 


| Do. 


Rough and broken 


Do. 

Rough and slightly 
broken on top. 
Slightly broken on 

top. 


SSEPNRENGY OT I ce eneenin 


Fae hk ee 


7 
4 
ia 
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11.—Baking results from middlings stock and 
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TABLE 
es) 8 | 
j al — 
Kind of material; Condition of a Ss 
used material used Ses | 
io is 
Ete tite 
RESULTS FROM! 
STRAIGHT-: 
DOUGH METHOD | 
OF BAKING—Con.' PS cen C6 
Original material__| 58.8 | 2,030 | 
Soft, + apfSAP AE [oun Once 2 se4 60. 6 2, 160 
wheat straight i .. 
flour No. 12552. ) Gt SSR es Soca 60.6 | 2,140 | 
|eroung 10 times___; 62.4 | 2,050 | 
Ground 20 times___| 63. 1, 940 
Original material... 63.2 | 1,820. 
Ground once--_-- 64.4 1,850 | 
Hard wheat Pat CE A licen 
ee eeaic ee NG | Ground times ———| 65.0 | 1,720 | 
12620. ire 10 times_._| 66.2 | 1, 600 | 
i | 
Ground 20 times___' 69.1 | 1, 560 | 
‘(Original material__| 63.2 1,980 | 
|| Ground once_.--.-) 63.8 | 1, 990 | 
pce = | Ground 4 times.__: 66.5 | 1,990 |! 
©- |) Ground 10 times... 67.7 | 1,880 | 
12618. 
{(Ground 20 times__. 71.5 1 840 
| 
|(Original material__ 644 | 1,250 
Hard wheat sec- Ground once_...-- 67.7 | 1,360 
ond clear flour | : 
No. 12619. ||Ground 4 times_.._ 66.5 | 1,290. 
Ground i0 times__.| 67.7 | 1,280 | 
Ground 20 times___, 65.9 | 1,150 | 


Color of crumb 


. | Gms.| Score 


501 | 43.0 
500 | 94.8 
503 | 92.5 
508 | 94.3 
510 | 93.8 
521 | 84.0 
519 | 85.0 
521 | 85.5 
531 | 81.0 
542 | 82.0 
520 | 73.0 
520 | 76.5 
525 | 77.0 
526 | 76.0 
543 | 75.5 
523 | 53.0 
534 | 52.5 
529 | 52.0 
532 52.0 
530 49.0 


Score 
90.5 


2) 
ee 
i) 


Texture of 
crumb 


| Shade of color of | 
crumb 


t 
| 


| Very good___| Light creamy----_| 


Goodi22s=23 pee (6 (ray 


Poor, solid_. Creamy gray___-| 


| Vi ery g good... Light brown- see| 


soot as =-5 5 Sa -H- ae - 


| Fair, solid...| Brown----------| 


| 


NorteEs.—In the absence of notations regarding sponging, mixing, panning, and proofing, it should be 


assumed that conditions were normal. 


In making each baking test a quantity of flour equivalent to 340 grams at 13.5 per cent moisture con- 


tent was used. 


ee 
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commercial flours ground various numbers of tumes—Continued 
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folor and con- 
dition of crust 


Pale, broken __- -| 


Pale, Stienty | 


Brown, specky, 
and broken. 
Pale, specky on 

top. 


| Brown, smooth.. 
| Brown, rough-_- 


Brown, broken, 
and ragged. 
GOR eee 


| Condition of 
proofed loaf 


S Rateat | | | 
= yeh Condi- Basenvien | Condition of | Condition of 
Eg ab- | Uonof| 4g ough doughduring| dough at 
% | sorbed | SPOnse Sea mixing | panning 
S | water 
= 2 i ee IEE ee es ~ 
a | 
| Mins. | 
oy Ve es oe fete Soy: SUI Re eee psec tt oseiis Pod 7 Savane ia 
GON et oes sat Beal eps a ele Sal pe ee ee oie are 
GT eoete ci: ee pidide ol eerie int 
| 
(Sa (Sete eae ete Ne sade i de Mae ike nid oi onic oe |: RE Neat ae a 
G9): | See eS See ee Se Eos [URS Reis aE Es | Very weak-..| 
(6%) eS aes) be i eS OS | Macon gee eras ee | Sticky and 
weak. 
Go) [zn been be ee a eae a he Gos s—= 
BB ase ee Ses | a A be ete SEND Dil ee a el eee eg (oes 
Ga ape | Re ge Alay eB eee Re oH es 
Gael a | ne ee Dead and yia= os dole 
weak | 
GOp| 2a eee ee Difficult - | Stickyae sas] houghessee 
BVA Ss Ones pale (Ga) eeieS ees Ah fe C6 Co eee | ME Gopeeee] 
Gu lse <C Ob es eee ee ti SG OYE aoe | ues Goss cca aie feed oF ae 
FAP ERC Ou ks een ee Ba so oes | es dono. 5-2| Weal. ee 
BY il psa (os en es ped Osa wen StCkyaeal du eeeens doses aa 
weak, 
7 UO a eS See Bee Pee ae Nee Dead, sticky, | Dead, sticky, 
and weak. and weak. 
GD: eae ee See eS 2 ee Dead and/| Dead and | 
weak weak. 
rH fas eee | ate ter Sart | eee ee ee Ele ey Gozete Seale doses 
CAO Yh aC SA Se A fea Pe eee ee) Co Ko) Ay oe Pepin PES Slee GO 
ASH ies Seen S eee er ee Ae ee 2 dotedeste Dead, sticky, 
and weak. 


| Badly broken on 


top. 
Slightly broken on 
top. 


Do. 
Sticky on top. 


Sticky and slightly « 
| broken on top. 
| Stieky. 
, Sticky and badly 
| broken on top. 
| Sticky and ragged 
| on top. 

Do. 


| Blistered on top. 


| Slightly  blistered 
on top. 
| Blistered on top. 


Rough and broken 
on top. 
Do. 
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TABLE 12.—Baking results from nviddlings stock 


Kind of material 
terial used 


RESULTS FROM 
SPONGE-DOUGH 
METHOD OF 
BAKING 


Soft red winter 
wheat coarse 
middlings stock 
No. 12550. 


Soft red winter 
wheat coarse 
middlings stock 
No. 12551. 


Hard wheat 
coarse mid- 


dlings stockNo. 


12621. 


RESULTS FROM | 


STRAIGHT- 
DOUGH METHOD 
OF BAKING 


Hard wheat 
coarse mid- 


dlings stock No. 


12621. 


2 


=| 
$25 
Condition of ma- |, £8 
terial used SEs 
no 
Es 
| 
| 
iy Zao 
{ Original material__| 60.3 
Guana to pass | 58.8 
through 12xx. 
Ground to pass | 58.8 
through 16xx. 
Ground to pass | 60.0 
through 20xx. 
Ground to pass | 61.5. 
through 25xx. 


| Ground to pass | 60. 


| 
through 12xx. | 
Ground to pass | 60. 
through 16xx. 
Ground to pass | 60. 
through 20xx. | 
Ground to pass | 60. 
through 25xx. | 
| 
Original material__| 57. 
Ground to pass ! 60. 
through 12xx. | 
Ground to. pass | 60. 
through 16xx. | 
Ground to pass | 61. 
through 20xx. 
Ground to pass | 65 
through 25xx. 
Original material. 57. 
Ground to pass | 62. 
through 12xx. 
Ground to pass | 66. 
through 16xx. 
Ground to pass | 64. 
through 20xx. | 
Ground to pass | re 
through 25xx. 


| 


(==) DS) See) ea 


Original material - | 59. 7 


0 
3 
6 
9 


Volume of 
loaf 


ey [suellae | | | 
as aN eiiuchls Texture of | Shade of color 
2S| 522/32) crumb | ofcrumb 
oes) =o | | | 
= lo | S| | | 
fae | | 
ares 
Gms. Score | Score | 
505 | 90.5 | 91.3 | Very good___) diet creamy __.| 
506 | 9008") 920) | 2 doves ening ane | 
499 | 90.8 | 91.3 | CREE, dosa2ss | Light creamy | 
| | gray. 
498 | 90.8 | 91.3 | aM Goss sit dose 
' | } 
506 | 91.0 | 92. 1 | Goods ee ss ate does 
| | | 
497 | 93.0 | 91.8 | Very good... Light creamy ___| 
493 | 92.8 | 92.9 | Excellent____|_____ (6 Ps Pa ak 
494 | 92.2 | 92.7 | Very good__. __--- phe! a tEicd 
505 | 92.3 | 92.8 | Excellent____|___--do___..-__-_- 
500 | 92.3 | 93.2 | Very good...|..--.do.-....----- 
| 
| | 
510 89.5 | 88.0 | Fair, crum-'} Creamy-_-__---—-- 
bly 
508 | 91.0! 90.0 | Good_______- ! Light creamy __- 
507 | 91.2 | 89.0 |_---- doses 3s Wee ss d0:5 3 Ses 
5121/9005: |eS8c5 pees daseseu ok eh don kuti siece 
525 | 91.0 | 87.0 | nese re doshas | ee tee do-3 ees 
| 
| 
| 
} 
508 | 93.5 | 92.0 |_.-_- dane tsssesdore Se ames 
FOS'| 91 | 91.0 | very cond. {seo ae 
| 
511 | 92.0 | 90.0 |....- dois: |Z2k dee ere 
| } 
‘515 92.0 | 89.5 | Good-_-_------ eee Goveseic hele 
| 
527 | 92.5 | 90.0 | Very good_--|----- 0023532 ees 


Notes.—In the absence of notations regarding sponging, mixing, panning, and proofing it should be 
assumed that conditions were normal. 


In making each baking test a quantity of flour equivalent to 340 grams 


tent was used. 


at 13.5 per cent moisture con- 
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ground to different degrees of fineness 


| r Rate at : | 
| ae, p : Ease with | Condition | 
| Golorand =| 25 |grich | Condition | which | ofdough | Condition of | Condition of 
Renee moe sorbed | f Sponge dough during dough at proofed loaf 
| 2 S AES mixed mixing | panning 
| 
' 
Mins. 
| Brown! 2. 60 teed 2c x58 a Fees sll oS eg pts ahd ele ee eo lr Pa i rr ee 
a OH 70 (F ayiael peta 2 Hae eet Se pac eee Pea al aera 2) oes es ei aN tts as 
fies SG Ge VES, (a) (eee ne oy (A ee eee [eee gee peed (Bee ND ke eek oe 
aC doz ss322 66) oe Ae | See Fn Fe Sat ee SE RS de ae 
| 
ERyee dossse| of 64h Slows aleSticky: 2. 2 ODificultst tee yt tere fer Ss 
| 
| Slightly pale,|. 59 | Rapid |.-.....---.-- | Readily -||.--<-2-.--_-) Tough. .2..-- 
| rough. : 
boar dev ails 59} Slow? -(Stieleygs:Liaiict seed | te daw: ripe fa Slightly broken 
Ss i | on top" 
Slightly pale, 68 ELL dolls: MOL 23 Sha)- $5) ee ER EE PE a Dry and badly 
| smooth. | | broken on top. 
pase see GOES Gitte id Os! S62 COs. esas Sees See ER Oe take a Noe ee ee Badly broken on 
| top. 
| Slightly pale, Gl pe doer (22-22 dG seas | Difficult__| Weak-_-____- RR a RR Do. 
rough. 
| (Pale="2e tke 57 jawth aks Lumpy and | Sh ggebtt Coarse and | Weak, coarse, 
crumbly. | rough. | and rough. 
eB rOwie ane 62 fees ade ee ee ore CS Bee Ey Ree eee Oi eee 8 YN 
| | 
| ue donwes.- EY i eT A 8 SD a SC Sa 
fie ae @Os eg i5 G2 it bee ort eb eles she ob eye agate ey eas, |ags core Ody doug ger 
ears GOL #e032- | PGFs eee! pees EP ER GEL oat. tisha Roe eee ey ety bk 
| 
| | 
Pale: 22452355. Gy ee Are ae Sh ae hl Pe Rees | Coarseand | Coarse and 
rough. - rough. 
PBT D MOE: © 2 (3p. 5 ieee Bae Bal ee A aaa ge ae Re Epne oee ecto Pea ee Se eee 
| | 
[Prk = dOqc.tz0¢ Gq eed bey eee ceeds le abt ¢ bo eee. learerees seb ox Slightly broken 
on top. 
onsale. 2. 22 2 64 | Se See a eee re keene te of aceon ey Peer, aban eee ha Wi ea. 5-020 Rough on top. 
Brown.:._--- Be Pere 29 hel VO SRE UR. OR Oe Uo 


ERE SEs Sy aS 


Be SANE BA A ae 


(Ll Le 


ii 
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In factors pertaining to the mixing and handling of the dough, 
the excessive grinding showed: some tendency to slow up the rate 
at which the flour absorbed water and to result in a sticky and weak 
dough. 5; 

The results shown here for this method of excessive grinding agree 
in kind with those obtained by Alsberg and Grifing in their use of 
the ball and flint mill, but the extent of the effect on baking quality 
was not nearly so marked. This leads to the conclusion that the 
amount of excessive grinding necessary to affect seriously the baking 
quality of flour material makes it unlkely that any very marked 
damage would occur in actual milling practice. 

The baking results of the material resulting from the excessive 
grinding done in accordance with method No. 2 previously described, 
are given in Table 12. In these tests, portions of three middlings 
stocks were ground to various degrees of fineness. The method used 
in grinding and sifting each of these portions limited only the maxi- 
mum size and not the minimum size of the particles of the resultant 
materials. | 

Water absorption showed a very marked tendency to increase with 
each increase in degree of fineness of grinding. In the case of the 
hard wheat middlings, the increase in absorption for the material 
ground to the greatest fineness over that of the original material 
was 7.9 per cent for the sponge-dough method of baking, and 9.8 


per cent for the straight-dough method. For the two soft red 


winter wheat middling stocks, which were baked only by the sponge- 
dough method, the increases were less, being 1.2 per cent for each. 
Shollenberger and his coworkers in a similar investigation on hard 
spring wheat middlings obtained the same consistent tendency for 
water absorption to increase as did Alsberg and Grifiing in connec- 
tion with their investigation on hard spring wheat patent flour. 

As might be expected, increases in the weight of loaf were shown 
corresponding to some extent to the increases in the percentage of 
water absorbed. : 

The volume of loaf was not materially affected by this form of 
excessive grinding. The differences shown are too small to be 
significant. 

The color of crumb varied only slightly and showed no consistent 
tendency either to improve or to become worse. Neither did the 
grain of crumb show any tendencies as to direction, although in the 
case of this factor the variations were slightly greater. A similar 
lack of tendency was also apparent in the shade of color of crumb 
and in the color and condition of the crust. 

The time required for proofing increased fairly consistently with 
the increase in fineness. 

In factors pertaining to the mixing and handling of the dough the 
unground hard wheat middlings produced a coarse, rough, lumpy 
dough. This condition, however, was not present in connection with 
the doughs of the ground portions of these middlings or with the 
doughs of the soft red winter wheat middlings. This indicates that 
the coarse particles of the hard wheat middlings were somewhat 
more impervious to water than were the particles of which the other 
samples were composed, notwithstanding the fact that no slowness 


INFLUENCE OF GRANULATION ON QUALITY OF FLOUR Zo 


was apparent in the rate at which flour absorbed water at the time 
of mixing. The coarseness of this material no doubt facilitated its 
mixing and wetting with water and to some extent compensated for 
the longer time required for the water to penetrate the individual 
particles. On the other hand the material ground to the greatest 
fineness did not mix so readily with the water, but the total quantity 
absorbed was considerably more in the end. The doughs of these 
finest ground materials, however, were in some instances inclined to 
be sticky and weak, which made them less desirable for bread-making 
purposes than those of coarser grinding. 

The baking results obtained for this method of excessive grinding 
are in general agreement with those found by Shollenberger and his 
coworkers and by Alsberg and Griffing. 


BAKING QUALITY OF THE DIFFERENT-SIZED PARTICLES OF 
WHICH FLOUR IS NORMALLY COMPOSED 


The baking results obtained from the different sizes of particles 
sifted from the commercial flours and from middlings stock reduced 
in a normal way are presented in Table 13. The method by which 
this material was treated has been previously described as method 
No. 3. 

In water absorption the coarsest sittings were generally the high- 
est, and the finest siftings were the lowest. The exceptions to this 
rule occurred in the cases of the hard wheat patent and the hard 
wheat first clear flours. In these the siftings of intermediate fine- 
ness showed the highest water absorptions. This general tendency 
of the coarsest siftings to absorb the most water is the reverse of 
that shown in the grinding of middlings stock to different degrees 
of fineness and in grinding middlings stock and commercial flours 
various numbers of times. : 

In volume of loaf the siftings through the 16xx silk cloth produced 
the loaves of greatest volume in 8 out of 12 instances shown. The 
loaves of smallest volume were produced from the siftings through 
the 25xx silk cloth in nine instances, from the scalpings from 8xx 
in two instances, and from the scalpings from 12xx in one instance. 

The weight of loaf was, in almost every case, greatest for the 
coarsest siftings and least for the finest siftings. 

In color of crumb there appeared to be a consistent tendency for 
the finer siftings from the soft red winter wheat middlings stocks 
and flour to produce the best scores and the coarsest siftings the 
poorest scores. In the case of the siftings from the hard wheat mid- 
dlings and flours no consistent tendency was apparent except that 
the poorest scores were obtained either from the coarsest or the finest 
siftings. The best grain of crumb was usually produced from the 
siftings of intermediate fineness and the poorest from either the coars- 
est or the finest siftings. On texture of crumb, size of particle had 
little noticeable effect. What differences were shown were generally 
in favor of the coarse and intermediate sized particles. 

In shade of color of crumb, the lighter shades of creaminess usually 
occurred in connection with the intermediate siftings. The coarsest 
siftings usually produced the breads having the creamiest shade of 
color. The finest siftings tended toward grayness of crumb. 
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TABLE 13.—Baking results from the various sized 


Kind of material 
used 


RESULTS FROM 
SPONGE-DOUGH 
METHOD OF 
RAKING 


Soft red winter 
wheat coarse 


No. 12550. 


Soft red winter 
wheat coarse 
middlings stock 
No. 12551. 


coarse _° 
dlings =’stock 
No. 12621. 


middlings stock | 


Condition of material 


Original 
ground twice and 
sifted: 

Sealpings from | 
8xx 


used 


material 


Scalpings from 
12xx through | 
8xx. 

Sealpings from 


16xx through 
2 


12xx. 
Sealpings from | 


20xx 
16xXx. 
Sealpings 


through 


from 


25xX. 


Original material | 
ground once and | 


(Original material 


Hard wheat 
mid- | 


ground once and 


sifted: 
Sealpings from 
SXx. 
Sealpings from 
12xx through 
8xx. 
Secalpings from 
16xx through 
1PD0:6 
Sealpings from 
20xx through 
16Xx. 
Sealpings from 
25xx through 
20xx. 
Throughs from 
AT pa 


through | 
20xx. 
Throughs from | 


Weight of loaf 


@) 


— 1 —_ 
° Aan!) & 
a 
82\ 28) 3 
BS|SS| g 

Blog! 
Q =F = 
2 S| 
Ay = | 

eaieaibie 

{ 

| 

Per | Per | 

cent 
0.44 @) | @) 


sifted: 
Sealpings from | 
8xx. 

Sealpings from 
12xx through 
8xx. 

Sealpings from 
16xx through 
12xx. 
Sealpings from 
20xx through 
16xx. 
Sealpings from 
25xx through | 
20xx. 
Throughs from 
25xx. 


36. 3 


; 


| 20. 4| 67.7/2, 100 


| 
j 


| 15.4! 65.3 2, 200 


| 


8.5] 65.3.2, 180 


60. 3/2, 200 


52. 1/1, 860 


seal Co 
62. 6 2, 150 


60. 3/2, 170 


59. 1/2, 250) 


| 
' 


56. 2/2, 110 
| 
52.9 1, 870 


10. 4| 64.41, 720 


| 


59.11, 990 


21.1] 60.011, 970 


| 
10. 5 58. 812, 080 


13.3) 57. 6\2, 050 


8. 6| 55.31, 860. 


1 Insufficient quantity for baking test. 


516 


496 


| Texture of 
| ¢rumb 


| 
| Shade of color 
of crumb 


| 


cent | C.c.|Gms.|Score Score 


G) SSOP SA Bt 
528| 84.5 91.0 Very good...) Very creamy_- 


90.8 93. 2|_....do 


| 
| 
| | 
j 
| 
j 


| Light creamy _| 


| 
| 
| 


90. 8; 92. 0)-22-— do t {Sao IOS ce! 
| 

91. BY 93: 7]: “ri¢do 20 ! kueide_ Lally 

94.0, 91.3, Good_-_....| 


Q) | @ 


axe do. 
| | 


SS) ees | Ree dow J. _foLi2§ do---.2...| 
Lied 
93.4) 92.3|--...do---.--|-...dox- 1122: | 
Pa, 
92.5 83.5) Fair, solid, White, creamy 

| /  erumbly. | streaks. 

| 

pti | | 
60.0 75.0 Poor, solid, | Brown-------- 
| crumbly. | 
1 


91.3 90.0 Goon, crum-| Light creamy. 
y. 


| 91. 5 88. 5 Good--.-----|----.do cea Se | 

91.5 85.0 Good, crum- -....do-------- | 
bly. 

92.0 86. 5)--.-- dese | tes doz 35.32% | 


85.0 65.0 Poor, solid, Rich creamy, 


crumbly. 


| gray. 


5 SS 


~~ 
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particles of which flour is normally composed 


Color and con- 
dition of crust 


Get cic A jn tn scent ti Aa cs ha Se ete aiattatnstnebln hachintbil 


Slightly 
rough. 


Pale, rough, 
ragged. 


pale, 


Light brown, 
ragged. 


Light brown __- 


Pale (dough 
“old’’). 


25 


i i Bt E ith 
. | whic - ase wi 

a 8 | flour ie le which 

shay absorb- dough 

A ed | Spouse mixed 

o 

= water 

Min- 

utes | 
SOR EVD Gy eee Readily __- 
63/220 05 aise ser See Goes 
Glad Os seen eee On ass 
64|cdon | eS am she dos ee 
60) Slow _.) Sticky.| Difficult -_, 
62| Rapid |_-._._-: Readily __- 
ONS dors ones ear (Sahm 
Ghee domaieeseer ae aweiG ieee el 
62| Slow _-| Sticky_|__..._--_--- | 
59 =e GOE=2—- 002o- ice dey pe ae Aa 
OU eee are es eumip ys 2 ee 

‘| and | 
crum- 
bly 
TO as etait lee gy each ee: 
70| Rapid j-.+-_.-- Readily -__- 
| | 

Ee le: Get ate teed Neca ie | 
Fy eee Oa gee ele a Bee ae WE 


“641 Slow _- 


Lumpy} Difficult -__| 
and 


Condition of | Condition of 


Condition of 


Weak, coarse | Weak, coarse 


and rough. and rough. 
yep eB Re Pliable and 
elastic. 
Fe ER ere LR PS (6 ayer ee 
Sticky and/|Soft and 
weak. sticky. 


dough during dough at 
mixing panning proofed loaf 
Sticky =i f2s2a|escns82% S5-5282 Slightly broken on 
top. 
Meadeseaea Dead and/| Badly broken on 
weak. top and sticky. 


Slightly broken 
and rough on 
top. 


Slightly broken 
and sticky on 
top. 
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TABLE 13.—Baking results from the various sized 


| 
| 
| 
| 


| 1 — — — — 
pou Es ee as epalke | 
q ° i = = 
: ee | i , roe aa | Sins | ale 
Kind of material | Condition ofmaterial So|e@2| ¢$ © |*g|ag! Textureof | Shade of color | 
used | used }eg}/2°) g | gs |os|-s crumb ofcrumb | 
| ai Sq 5 |B |-sles) 
| SIRES Seer S| ee Onn ie 
SP aaa ee ony ie | 
| | | | | 
RESULTS FROM 
SPONGE-DOUGH | | | 
METHOD OF | 
BAKING—Ccon. | : | | | 
|(Siftings from original | Per | Per | | 
| material: | cent | cent Gms.| C. c. |Score|Score | 
Sealpings from | 10.7} 61.8/2, 220} 502| 93.5) 92.0) Excellent__-} Light creamy -| 
| »:O.8 | 
| 
| Sealpings from | 58.1] 60.3/2, 230! 490) 93.3] 92. 5|----- Gos E eres donee | 
Bolt red waiter i through | 
Ww eat _straig t Seal ep s from | | litiacce | 
flour No. 12552. ee See | oF 59. 1/2, 220} 486} 93. 4| 93.0) Very good_-_-_|__--- GOzs are 
16xx. | 
Scalpings from | 7.9} 57.1\2,090} 488) 94.0} 91.0) Good_------|----- dose esses 
25xx through | 
20xx. | 
4 Throughs from 16.9) 54.7)1,920} 483) 93. , 86: 5| Fair, solid, |.---- dose eee 
f DOE. | erumbly. | 
Siftings from original | 
: material: 
i PcuDINES from | 14.0) 60.3)1, 860} 514) 89.5} 89.0; Good__-----|----- Gol 2ka 2 | 
; xX. i | 
i Sealpings from 49.6) 60.3'1,880} 514! 85.8) 87.5|-.--- do =.=.) @reamy#s.-<25 | 
i 16xx through | | 
i Hard wheat pat- 12xx. | | 
fi, ent flour No. | Scalpings from 9.0} 60.9/1,910) 513) 85.0) 87. 0)_---- dose eee Gosoks ss 
4 12620. 20xx through | | 
il 16xx. 
B, | Sealpings from , 7.0} 60.0/1,780} 511) 82.5) 75.0) Fair, solid.._|----- doe ae 
iF 25xx through | 
Bl: 20Xx. | | | 
. Throughs from 20.4) 57.9|1, 650} 498) 82.0) 65.0) Very poor,| Creamy gray--| 
e 25xX. | solid, crum- 
i bly. | 
| /Siftings from original | | 
q material: ! | 
Sealpings, “from: | «Tri 3()-}-@): | Oom@ oie” joes os eee = [ee hod onan eee | 
{ 8xx. } ; 
! | Scalpings from 15.6) 60. 0 1,:990 510) 76.5| 86.5, Good, crum-| Light brown--) 
| | 12xx through | | bly. 
E Hs an f | | eer | 
t Sealpings from | 20.5 61.5/2,040, 517| 78.5] 87.0) Very good--..|_---- O42 Sse 
| Hard wheat first 16xx through | 
& clear flour No. } 12xx | 
) 12618. Scalpings from  15.2| 61.52,090| 517, 79.0| 88.5|-.--- do.-t: se GUS eee 
lo 20xx through | | | 
t 16Xx. | 
Sealpings from | 14.3] 62.4/1,960} 511) 78.0) 86.0} Good_------|----- dos2 4222} 
25xx through | 
20xx. | 
Throughs from | 34.4} 58. 5/1, 880) 503) 75.0} 84.0)____- PO 9 eae te donee 
25xx. ; | i 
Siftings from original | 
material: ; 
Scalpings, fromthe Pr. WOns@)s | On sOrO)  — ere i aS eee : 
8xx. ' 


Sealpings from | 9.7| 65.6/1,220) 535) 45.0) 65.0} Poor, solid--| Brown-------- 
12xx through 


8xx. | 
Hardewheat sec rae ee 60. 2} 60. 9/1,390} 514) 54.5) 73.5) Fair, solid... -----G0--------| 
ond clear flour foes 8 
No. 12619. Sealpings from | 6.7) 61.2/1,440) 510! 53.5) 72.5) Good, solid_-|----- desea 
20xx through 
16Xx. ; 
Sealpings from | 10. 4| 60.3'1,430| 506/ 53.0) 75. 0|-_--- dolce tess dose 
25xx through | 
| 20xx. , ' 
Throughs from | 13.0 Siege 500} 52. 5| 70. i Bair sola!) e2as- die etsee 
D5xxe 


1 Insufficient quantity for baking test. 
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particles of which flour is normally composed—Continued 


| 


| °s2 
as | Hate at é ei 
| 4 whic : ase with | ARE are 
Color and con- | 2 | flour onde which | aan rent a | - Condition of 
| dition of crust | as ghscrle sponge denen mixing | planning | proofed loaf 
| i) | 
| 3 water 
rN ce ee { 
| | 
| | | | | 
| | | 
Meee | | 
| | Min-| | | 
} utes | . | 
| Brown, slightly | 60] Rapid |.----.--- Readily .-.| Tough--..--- |: peephe Peers. 28 Slightly broken on 
broken. | | top. 
| | | 
Brown, smooth.) 65|_.-do_..).--.----|-- [ie epee Seema har eae fFough..==--2| 
Brown, slightly | 61 “dg rs Dee | ta Vanessa a naar Ragnar, | Sticky_. ----- 
broken. le be 
Light brown!  63| Slow--| Sticky.|__._.___.__- aie ec tap, a | ee sg i} Do: 
broken. | es 
Rules badly) eat. dat 1 do-ee ees | Dead, weak | Sticky__..... | Broken and ragged 
broken. | andsticky. : on top. 
| | | | 
Pale, specky_---|  60| Rapid |_--_---- Readily.__| Coarse andj___.___--__._-- | Slightly broken on 
| rough. | | top. 
Brown, specky --) (isan aa Se ie ae | a ers a ee MON ERS eens east CEPR ERS 4: 
i | | 
eee 2 Ca a [| oe ee Pe Fae ee eS a a 
| | | 
ba seen dong. 2252422] 62 Slow -.. Sticky | Difficult_-_ SUA ee |e peer panes 
| ¥ } } | | 
ae dose =. 6)|_..do__.|__.do__.|_-.do-.-.-.-| Dead, weak | Dead, weak 
I | andsticky. | andsticky. | 
| | 
| | | { 
| | - 
Cpe cee ia ed Bi ed eee at) el As re ea Ee ek) es ene ae 
Brown, smooth.)  63'________ sige A Caer SE Peli SE gee Re rire ipo | 
i ! | | 
| | | } 
| | | 
deh Sees do! _=---..2:}° 65 Rapid |____--__|"Readily___| Slightly weak |....-----------| 
} } 
sae Cfo ee eee Gh td ate td es |e Lee eee. -| Bhistered omfore 
aes d6=2 52 eeidg 2y a 2s Wiagte aie ts Leer peer etl 
Brown, rough.... _60| Slow_-| Sticky_| Difficult..| Dead and | Weak-...-.-- Blistered and 
! weak. ) _ sticky on top. 
| | 
| 
= we See ce ae at es ae | lode ee oe ee a ne 
Brown, broken, Yd sa al at | Ate) aber ae | Dead and | Dead, tough Rough and porous 
ragged. : | weak. | and weak. on top 
Vise do..--...---|  52| Slow_- Sticky_| Difficult__|_....do_.-..-.|.--..do-_...... Rough and slight- 
| ly broken on top. 
eed Oa. = weet! 22 47 Bona fe Ado. Bre ee ee Oe ag LD) © ign aD) G. Do. 
| sticky. 
ee eee een a7) -do.*|_-- 06. _-|..-d0_.---_-|-.---002.- 4. f.--G0ee...---|, Rough and porous 
, ontop. 
seis (0 = Sees eet Bh{<=- 00ee Pand-eale= Osea. DOAd. pane | Dead, tough Roughandslightly 
| sticky. | and sticky. broken on top. 
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TABLE 13.—Baking results from the various sized 


Kind of material | 


used 


RESULTS FROM 
STRAIGHT- 


DOUGH METHOD | 


OF BAKING 


Hard wheat 
coarse mid- 
dlings stock 
No. 12621. 


Soft red winter | 
wheat straight | 
flourNo.12552. | 


Hard wheat pat- 
ent 
12620. 


Hard wheat first 
clear flour No. 
12618. 


1 Not baked. 


2 Insufficient quantity for baking 


flour No. | 


Condition of material 
used 


Original material 
ground once and 
‘sifted: 
Sealpings from 
Sxx. 
Sealpings from 
12xx through 
8xx. 
Sealpings from 
16xx through 
12xx. 
Scalpings from 
20xx through 
16xx. 
Sealpings from 
25xx through 
20xx. 
Throughs 
25xx. 


from 


| 


(Siftings from original 
material: 
Scalpings 
12xx. 
| Sealpings from 
16xx through 
1W2xx. 
Sealpings from 
20xx through 
16xx. 
Scalpings 
25xx through 


from 


from 


20xx. 
Throughs 
25xx. 


exines fr om original 
material: 


from 


Scalpings from 
12xx. 

Scalpings 
16xx 
12xx. 

Scalpings 
20xx 


t 
| 


| from 


through 


from 
through 
16xx. ‘ 
Scalpings 
25xx 
20xx. 
Throughs 
25xXxX. 


from 
through 


from 


‘Siftings from original 
material: 


Sealpings from 
8xx. i 
Scalpings from 
12xx through 
8xx. 
Sealpings from 
16xx through 
12xx. 

Sealpings from 
20xx through | 
16xx. 

Sealpings from 
25xx through 
20xx. 

Throughs from 
PARDO 


Proportion of 
whole 


Water absorp- 
tion of flour 


Volume of loaf 


Weight of loaf 


8.6 


10.7 
58. 1 


6. 4 


ea) 


16.9 


14.0 
49.6 


14.3 


34. 4 


test. 


Per 


cent | C. c. |Gms. 


67.7 
62. 6 


61.8 


61,2 


61.8 


59. 4 


63.5 
64. 4 


60. 9 


59.4 


56.5 


2) 
66. 2 


1, 650 
1, 930 


2, 090 


2, 060} 


2, 090 


1, 920 


2, 100 
2, 280 


2, 200 


2, 180 


1, 880 


5/1, 880 


1, 780 


1, 990 


(1) 


1, 640 


(?) 
2, 010 


2, 089 


2, 140 


2, 130 


.7.1, 940 


527 
510 


(?) 
528 


525 


526 


521 


523 


oe = 
° o 
2/42 
i g =| Texture of | Shade of color 
Seas crumb of crumb 
° (>) AB. oO 
(SO) Ihe 
Score| Score 
65. 0} 77.0} Poor, solid, | Brown--.-.-__-- 
crumbly. 
92.0} 91.0] Good.---___- Light creamy. 
93. 0) 92. 0)____- GOi2e2 aes, SO eats 
92. 0) 91. O]____- WO he ee il ese Quiet mee 
91.5] 88.0] Very good_-_|_...-do_...-...-| 
88. 0} 85.0] Fair..._____- Rich creamy | 
gray. 
92. 5) 90.0 Good_.--.._- Light creamy_ 
92. 7| 91.5] Very good-_.-|___.-do_.-..__-- 
93. 8) 91. O}____- Goes wen Ee Ook ear ee 
93. 8} 90. 0}____- 0 Ko PARE nl irate xo kg yeaa tet ea 
OVE GH Seay ene Gorse 
| 
88: 0l-91- 5|- Good... 7102 gts | 
86. 5} 89.5} Very good.--| Creamy-.._-__- 
84. 5} 87.5) Good-_.--.___|._..- doteaks 
(Cy Haul fina Go) ie Py esate scan ee et a A 5 
82. 5] 67.5) Poor, solid__| Creamy gray-- 
(CDN Na (3) en peepee marie mes) Umey neers Ea S 
77.5| 86.5| Very good...| Light brown-- 
UA a= G02. 52) Cae doses 
77.0| 84. 0). Goode_.2- ei dose eae 
79.0; 87.0) Very good..-|__...do-..--.._- 
71.0) 78.0) Good..--22- Brownies cc =e 
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particles of which flour is normally composed—Continued 


| ! 


jn oe [oc eh 
« | whic ._| Ease wit ws fic 
Color and con- | 3% | flour | ticnof| Which | Gough during | “dough at °| Condition of 
~ - Ceo . 
Gahiamonerst | eis) ARSore gags Bough mixing panning proofed loaf 
= water 
Min- 
utes 
Light brown, AGES eo. eet es SUP TEL OE oe Weak, coarse | Weak, coarse | Rough on top. 
ragged. and rough. and rough. 
Pale eetaee 3h | Ga eaeel. 2B SO AES 2 Ue Ee Boe SEE Be eine 2S Slightly broken on 
| top. 
eS Gone see ON SA STR AN | eT GI ES a RNs ae ta preps ae 2 
Light brown _--- (cya) een ey pare ty A Rae ek SF Cra ees NS  Y y Pee ea Led 51 ta Do 
| ; | 
eel VOUS oe YA ete Ae SC PM cS | eae Rd oR ec Do 
Gale eh ah G8) see 2S eso) (eee Ee See le eee eet | aa ee pty SEE 
Light brown, Glee PPR Maas Mirren ones Nt aor Aa) dead at aes a | ea OS INE 
/ smoot 
eae (1 (1 eee FPA ese em (ea NSO pe nn ey ENaC in alien RMR ge 
| Brown, smooth - GOR Seer aac eceah sen fir ure Moen rhe ace a HSI soereed Nec 
| 
| Slightly pale Cake Wes Ba A Be Le sg cs Se Wieakko tise ee ee Leet 
and broken. 
Gata (0 Koya See ee 64|.--_..__|_..-_...|---..--..-_-.| Dead, weak_.| Weak, sticky | Sticky and badly 
| and phable. broken on top. 
| Pale, specky, ofa fe lb a el Se Sa es Coarse and | Weak_---_---. Slightly broken on 
| _ broken. rough. top. 
| Brown, broken_- 50) | See see | a | ae EE oe eae Goteca lie Badly broken on 
| top. 
| 
| Brown, slightly CANNES Wes) |G. eR, MeL Lek Aa ele Ue es RE pate 
broken. 
Brown, specky-- 61|--------|--------|----.----.-.| Dead and | Weak and | Slightly broken on 
weak. sticky. top. 
Brown, rough_-- 60! eA ee ipa ae key Ro acne | pe iWeakieae S22 
coe GOS eat COL) ge aed SRS SG iy SI Ls Fe LS ee 9 U0 
Br OOP eee eee Fy {ee eae ee tek nah eae CHa | ee eae 5 soll oe SO ter be ee 
=5 32 doze seo Se: CFE aR er ye a Ee ee Soe ae 
Si 
= (0 a aaa HGlevesocaspeceee sak re oe Scere eepeees W ea 5222222 Broken on top. 
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TABLE 13.—Baking resulis from the various sized 


S| ea] [8 Sasa 
| in| Bo tear betel bres (2 tbat E 
- - ] ye 74/02! S= | S Ss 2 2) - 
Kind of material | Condition of material SS GE 9 | S +8) & | Texture of | Shade of color 
used used Be Bo) #}) a | ob ae | crumb of crumb 
leaF 3a) sf |os] 85) | 
2 SSIs ojo ak 
fa |FF| > | Elo |S | 
RESULTS FROM | | 
STRAIGHT-.| | 
DOUGH METHOD | 
OF BAKING—. | 
Continued. 
| (Siftings from original Per Per 2 
1 material: cent cent C.c. Gms. ‘Score Score 
| pelpines fom} .1 Q | @) ©) 0) @ |---2----------|-ano-neoeene nee 
(| Sealpings from 9.7 70.311, 260 548) 44.0) 66. s Poor, solid__| Brown-.______ | 
i 12s= through | | 
8xx. ‘ | j 
Sh Soe ee Seluiues ee = | 60.2 65.91, 270 re 52. 0 66. tksssso secees -----G0-------..) 
ond clear flour < xx 
No. 12619. | Scalpings from | 6.7 63.01,380 526 52.5 63.0) Fair, solid... __... dos tight | 
20xx through | | | 
16xx. | | 
Sealpings from | 10.4 62.61,280 518) 51.5) 65.0) Poor, solid______- do-28 ire4 
25xx through | | | 
| Z05X. | | | 
Throughs from | 13.0 62.41,150, 512 42. 5 55.0) Very poor, |_...- do..24 
| 25x, | ey solid. | 


1 Insufficient quantity for baking test. 


NotTes.—In the absence of notations regarding sponging, mixing, panning, and proofing it should be 
assumed that conditions were normal. : 

In nit each baking test a quantity of flour equivalent to 340 grams at 13.5 per cent moisture content 
was used. 


eee 
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particles of which flour is normally composed—Continued 


ae esas meee ith 
whic P ase wit Cit ant 
Color and con- | S.. | flour one which A a OrtE pe of | Condition of 
dition of crust | Ys paPsorb sponge dough mixing panning proofed loaf 
aitsh mixed | 
ro water 
Min- 
utes 
Brown, broken, AS alc Se | nde Fate | a aes US Dead, coarse | Dead, sticky | Broken and rough 
ragged. and rough. and weak. on top. 
Raat GOS s sk ee 43 | Sete ieee ae ee Oe a Tel aaee en Oe ko Do. 
sticky. 
a fee doe eee CN Ree P(E ee aa | 8 Ig Vy yore | J shel G 0) Do. 
welds GO. ba 2 rey AS) SE Ys Re aes oe oe AS | PA OU eee eG Oe Et § Do. 
Brown, badly AQ lee eee teh) a) pe Pe oe aE ak Gorczss+ 4. Sticky and | Badly broken and 
broken,ragged. | weak. rough on top. 


a 


Te ye me et es ee - 


BE sine dl 
ie 
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The siftings of intermediate fineness produced, as a general rule, 
the bread of the brownest and smoothest crust. The crust of the 
bread from the finest siftings usually tended toward paleness and 
roughness. 

The siftings requiring the longest proofing time in the pan were of 
intermediate fineness. ‘The fine ‘siftings absorbed water more slowly 
than did those of intermediate or coarse granulation and usually 
produced a sticky sponge. These finer <iftings also showed other 
indications of inferi jority as a bread flour over “the coarse and inter- 
mediate siftings, such as a dead and weak dough during mixing and 
at the time of panning and a broken and ragged top on the proofed 
loaf. 

The findings in connection with this form of treatment are in 
general agreement with those of Le Clere and his coworkers. 


SUMMARY 


The results obtained from these investigations do not differ in any 
marked way from those of previous investigations. They do, how- 
ever, shed light on certain phases of the subject on which no in- 
formation was previously available, and they clarify and strengthen 
certain conclusions of previous investigations. 

The results obtained were similar for the two methods of excessive 
grinding employed. They indicate that the chemical composition 
and baking quality of flour may be affected by excessive grinding. 
fn noting the effect produced, however, full consideration should be 
given to the excessiveness of the grinding required to produce this 
effect, otherwise improper importance may be attached to it. Study 
of the results in this light indicates that such a considerable amount 
of excessive grinding was required to bring about any appreciable 
effect in most of the factors examined that it is very improbable that 
any very marked change in the flour, except in its fineness and white- 
ness, would occur under commercial conditions unless all, or nearly 
all, of the milling reductions were accomplished under excessive 
roll pressure. Even then there is some doubt as to whether the degree 
of effect would be appreciable enough to make any material differ- 
ence in bread-baking quality. 

In the preceding pages it has been definitely shown that. as a result 
of grinding flour excessively, certain chemical changes take place 
that alter the quality of the gluten proteins, and change the physical 
condition of the starch oramules. The extent of these changes ; is varl- 
able and depends somewhat upon the class of flour under consider- 
ation. 

In baking results, the most marked effect from excessive grinding 
was the increase in water absorption and the deterioration in color 
of crumb. As for the other baking factors, the effect was more or 
less variable in degree and somewhat inconsistent as to tendency, but 
usually when any marked change occurred it was in those samples” 
which were most excessively ground. 

With respect to the various sizes of particles of which flour is 
normally composed the differences noted in chemical composition 
and baking results, because of their more practical application to 
ordinary milling practice, are of greater importance than those noted 
in connection with excessive gr inding. The smaller-sized particles— 
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those passing through 20xx and 25xx sieves—were found to contain 
less protein and wet and dry gluten, than the coarser particles. The 
quality of the gluten was likewise poorer in the smaller-sized sepa- 
rates. 

With the soft red winter wheat materials the smaller-sized particles 
were characterized by low ash contents. The reverse of this was 
true of the separates sieved from the hard wheat materials. The 
active acidity of the separates of all sizes was practically the same. 

The smaller-sized particles usually contained the least amount of 
gasoline soluble pigments. 

In regard to the baking quality of the various-sized particles of 
which flour is normally composed the particles of intermediate size 
gave the best appearing loaf of bread. ‘The flour particles sifted 
through the 20xx and 25xx sieves in many instances acted weakly | 
in the doughing and proofing and produced a loaf of inferior 
quality. It therefore follows that if these fine particles were sep- 
arated from flour as ordinarily milled the bread-baking qualities 
of the remaining flour would be improved. This would not be 
advisable, however, unless the resultant flours could be marketed 
at a net gain to the miller. It is probable that some day the miller 
may find it to his advantage to do something of this sort as it is 
possible that the fine particles may be of particular value for some 
other purpose than bread making. This statement is induced by 
results obtained from some pastry experiments conducted in con- 
nection with these investigations, in which it was found that these 
fine flour particles produced a very satisfactory pie crust with the 
use of considerably less shortening than was required by the coarser 
flour particles. This latter fact is due, no doubt, to the lower 
quantity and inferior quality of the gluten contained in the flour 
particles of finest size. 


EXCESSIVE GRINDING 


The more excessively the materials were ground the whiter they 
became and the more difficult it was to bolt them. 

Excessive grinding reduced the moisture content of the materials 
but did not affect their crude protein and ash contents. 

A tendency was shown for the color pigments extractable in 
gasoline to be increased where grinding was very excessive. A 
definite but not considerable tendency was shown for the hydrogen- 
ion concentration to increase with excessive grinding. 

For the particular form of excessive grinding employed in which 
the materials were ground various numbers of times a gradual de- 
crease in the wet and dry gluten content of the soft red winter 
wheat middlings seemed to have taken place. No decrease in quan- 
tity or quality of gluten was experienced in the hard wheat mid- 
dlings or in the first clear flour. In the soft red winter wheat 
straight and the hard wheat patent flours only the samples ground 
twenty times showed any injury to the gluten. . 

In the samples ground to a definite degree of fineness the results 
obtained for gluten quantity and quality were similar to those ob- 
tained from the samples ground various numbers of times. 
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The viscosity measurements for gluten quality bear out in a 
general way the findings obtained for the washed gluten tests. The 
glutenin content was not altered to any noticeable extent. Only 
in the soft red winter wheat straight flour was there any reduction 
in the percentage of water soluble | nitrogen, and in only one or two 
instances did there appear to be any increase in the protein content 
of the gluten proteins. 

The diastatic activity of the resultant flours was materially in- 
creased by excessive grinding. 

In the baking tests conducted on the middlngs stock and flour 
treated to excessive grinding the results for water absorption showed 
a very marked and consistent tendency to increase. Increases in 
weight of loaf corresponding fairly closely to the increases in water 
absorption also were shown. 

The size of the loaf showed a slight tendency to decrease with the 
increase in the number of times of grinding. On the other hand, in 
grinding to a definite degree of fineness the only tendency apparent 
was that the greatest volumes resulted from the materials of inter- 
mediate fineness. 

The effect of the number of grindings on color and grain of crumb 
was that the best scores were mostly from the original materials or 
the portions ground only once, and the poorest scores from the por- 
tions ground twenty times. This tendency was not apparent for 
these factors when the form of excessive grinding used was that of 
erinding to a definite degree of fineness. The general appearance 
and texture of crumb were little affected and indicated no very 
pronounced tendencies as to direction. 

In such factors as pertain to the mixing and handling of the dough 
excessive grinding showed some tendency to slow up the rate at which 
flour absorbed water, to increase the time required for proofing, and 
to result in a sticky and weak dough. 


DIFFERENT-SIZED PARTICLES OF WHICH FLOUR IS NORMALLY COMPOSED 


With respect to the different sizes of particles of which flour is 
normally composed, the ash content of the particles of the soft red 
winter wheat flours were, in- most instances, progressively lower as 
the size of the particle decreased. The reverse of this was the case 
with the hard wheat flours. The protein content of the finer flour 
particles passing through the 25xx sieve was considerably lower than 
that of the coarser sizes, as was also the quantity and quality of the 
gluten. 

In general, a fairly close parallelism existed between titratable 

acidity and ash content. In hydrogen-ion eoncentration there was no 
appreciable difference for the various sizes of flour particles. 

The finest flour particles were whitest in color according to the 
gasoline test. This also was true with respect to appearance. 

As in the case of protein content the finest particles contained the 
least percentage of wet and dry gluten, but if the quality of gluten 
is judged from the standpoint of the water absorbed per gram of 
dry gluten the quality factors seem to have been fairly constant for 
all sizes of particles. 

The diastatic activity of the different-sized particles varied in ten- 


dency but was fairly consistent in that the flours which passed 
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through the 16xx, 20xx, and 25xx sieves were noticeably greater in 
diastatic power than were those passing through the 8xx and 12xx 
sieves. = 

In the baking results obtained from the different sizes of particles 
sifted from commercial flours and from middlings stock reduced in 
a normal way the water absorption for the coarsest siftings was gen- 
erally highest and for the finest siftings lowest. This general ten- 
dency of the coarsest siftings to absorb the most water is the reverse 
of that shown in the case of the middlings stock and flours treated 
to excessive grinding. 

In volume of loaf the siftings through the 16xx silk cloth produced 
the loaves of greatest volume in 8 out of 12 instances. The loaves 
of smallest volume were produced from the siftings through 25xx 
silk cloth in 11 out of 12 instances. 

The weight of loaf was, in almost every case, greatest for the 
coarsest siftings and least for the finest siftings. 

In color of crumb there appeared in the case of the soft red winter 
wheat materials to be some tendency for the finer siftings to pro- 
duce the best scores and the coarsest siftings the poorest scores. 
The best grain of crumb was usually produced from the siftings of 
intermediate fineness. The siftings giving the best texture of crumb 
were the coarse and intermediate sizes. The creamiest shades of 
color of crumb were usually from the coarsest siftings. 

The siftings of intermediate fineness produced, as a general rule, 
the bread of the brownest and smoothest crust and required the 
longest proofing time. ‘The finer siftings absorbed water more slowly 
than did those of intermediate or coarse granulation, and usually 
produced a sticky sponge. These finer siftings also showed other 
indications of inferiority as a bread flour over the coarse and in- 
{ermediate siftings, such as a dead and weak dough during mixing 
and at the time of panning and a broken and ragged top on the 
proofed loaf. 
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